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PREFACE. 


In  the  preface  to  the  first  part  of  this  work,  published  a 
little  more  than  a  year  ago,  the  author  announced  his  inten- 
tion of  writing  an  extended  treatise  upon  human  physiol- 
ogy ;  and  the  present  volume,  devoted  to  subjects  connected 
with  the  great  functions  of  digestion  and  absorption,  is  now 
presented,  as  the  second  of  the  series.  As  stated  in  the 
preface  to  the  first  volume,  the  separate  parts  of  the  work 
are  intended  to  form  distinct  treatises,  devoted  respectively 
to  natural  subdivisions  of  the  science  of  physiology;  each 
one  being  complete  in  itself,  but  the  entire  series  embracing 
all  the  subjects  usually  regarded  as  belonging  to  human 
physiology.  The  manner  in  which  the  first  part  has  been 
received,  and  the  experience  of  the  author  in  the  prepara- 
tion of  the  present  volume,  have  encouraged  him  in  carrying 
out  the  original  plan  of  the  work.  To  give  to  every  sub- 
division of  physiology  that  careful  reflection  and  critical 
study,  which  alone  could  enable  one  to  form  a  calm  and 
dispassionate  judgment  upon  the  difficult  questions  which 
are  constantly  arising,  involves  an  amount  of  time  and 
patient  labor  which  might  well  discourage  the  most  en- 
thusiastic student.   A  work  of  such  magnitude,  however 
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can  be  accomplished  mach  more  efficiently,  bj  dividing  it 
into  Beparate  and  distinct  parts.  Bj  publisliing  each  part 
separately,  the  whole  snbject  of  hnman  physiology,  great  as 
it  is,  may  be  considered  with  a  d^ree  of  elaborateness 
which  is  generally  looked  for  only  in  special  treatises. 
This  does  not  necessarily  involve  great  voluminousness ; 
on  the  contrary,  it  frequently  happens  that  subjects,  the 
literature  of  which  is  excessively  abundant,  may  be  con- 
sidered, from  a  practical  and  positive  point  of  view,  in  a 
comparatively  small  space,  ignoring  nothing  that  is  valu- 
able, and  taking  pains  only  to  compare  and  harmonize  con- 
flicting experiments  and  observations.  A  practical  acquaint- 
ance with  experimental  methods  of  observation  frequently 
enables  the  physiologist  to  accomplish  this  end,  and  thus  re- 
lieve certain  complicated  questions  of  much  of  their  obscurity. 

The  subjects  taken  up  in  the  present  volume  form  a 
subdivision  of  physiology  of  the  greatest  importance  and 
interest,  to  the  general  as  well  as  to  the  professional 
reader.  The  first  of  these,  alimentation,  does  not  always 
receive  sufficiently  extended  consideration  in  works  upon 
physiology;  though  it  is  evident  that  the  properties  and 
physiological  relations  of  matters  which  are  destined  to  be- 
come part  of  the  living  body  can  hardly  be  studied  too 
closely.  The  effects  of  improper  and  insufficient  alimenta- 
tion, also,  which  are  too  often  observed  in  the  poorer  classes, 
particularly  in  large  cities,  are  of  the  highest  importance. 
The  author,  through  the  kindness  of  Dr.  W.  H.  Van  Bu- 
ren,  of  the  United  States  Sanitary  Commission,  has  been 
enabled  to  present  some  important  physiological  facts  con- 
nected with  the  celebrated  Andersonville  prison,  noted  on 
the  spot  by  Pro£  Joseph  Jones,  M.  D.,  formerly  of  Georgia, 
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who  was  appointed  during  the  late  war  by  the  medical 
authorities  at  Kiehmond  to  report  upon  the  condition  of* 
the  prisoners  confined  in  the  stockade.  Such  an  opportunity 
for  observing  the  effects  of  improper  and  insuflScient  alimen- 
tation upon  lai^e  bodies  of  men  has  never  been  presented 
before,  and  probably  will  never  occur  again. 

In  studying  the  subject  of  digestion,  many  points  pre- 
sented themselves  which  were  complicated  by  a  mass  of 
conflicting  observations  and  statements  by  the  earlier 
physiologists,  and  even  by  modem  experimenters ;  and  there 
are,  even  now,  serious  differences  of  opinion  with  r^ard  to 
some  of  the  most  important  facts  connected  with  this  func- 
tion. This  is  strikingly  illustrated  in  the  views  of  different 
writers  of  high  authority  concerning  the  physiological  prop- 
erties of  the  saliva,  the  gastric  juice,  the  bile,  and  the  secre- 
tion of  the  pancreas.  Much  of  this  confusion  is  to  be 
avoided,  however,  by  treating  of  these  questions  upon  the 
basis  of  accumulated  experimental  facts,  without  regarding 
mere  opinions,  even  of  the  highest  authority,  when  based 
upon  insuflScient  data. 

With  r^ard  to  absorption,  very  much  has  been  devel- 
oped within  the  last  few  years  by  accurate  experimental 
researches,  in  which  some  of  the  sources  of  error  in  the  ear- 
lier observations  have  been  avoided,  by  remarkably  success- 
ful experiments  upon  living  animals,  and  by  the  applica- 
tion of  improved  methods  for  the  analysis  of  the  animal 
fluids.  Eecognizing  the  importance  of  all  these  methods  of 
study,  the  author  has  endeavored  to  give  the  most  extended 
application  of  physical  laws  to  the  mechanism  of  absorption, 
without  losing  sight  of  the  fact  that  the  physical  phenomena 
presented  in  the  living  body  are  by  no  means  fiilly  understood. 
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Our  positive  knowledge  concerning  many  of  the  fiinctiona 
-considered  in  the  present  volame  dates  from  important  di^ 
coveries.  The  author  has  in  all  cases  made  it  his  duty  to 
trace  these  discoveries  to  their  original  sources ;  but  in  his 
historical  researches,  he  has  often  found  that  the  reputed 
authors  of  important  original  observations  had,  generally 
without  their  knowledge,  been  anticipated.  The  only  object 
in  making  references  to  the  works  of  the  earUer  physiologists 
has  been  to  do  justice,  as  far  as  possible,  to  every  original 
obserTcr ;  and  all  the  works  cited  in  foot-notes  have,  without 
exception,  been  consulted  by  the  author  personally,  in  the 
original,  and  the  references  clearly  indicated. 

Most  of  the  important  facts  connected  with  the  functions 
of  digestion  and  absorption  have  been  repeatedly  verified  by 
the  author  in  his  laboratory  and  in  pubUc  demonstrations ; 
and  in  many  instances,  the  observations  of  others  have  been 
more  or  less  extended.  The  most  important  original  obser- 
vations, however,  are  upon  the  excretion  of  cholesterine  in 
the  bile,  and  its  transformation  into  stercorine  in  its  passage 
through  the  intestinal  canal. 

New  York,  June,  1867. 

In  the  preparation  of  a  second  edition  of  this  volume, 
the  whole  has  been  carefully  revised  and  corrected.  Impor- 
tant alterations  have  also  been  made  in  the  text  upon  the 
following  subjects:  the  elimination  of  alcohol  from  the 
body,  the  glandular  apparatus  of  the  stomach,  the  struct- 
ure of  the  lymphatics,  and  the  mechanism  of  lacteal  ab- 
sorption. 

Kiw  Yore,  February,  1875. 
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The  power  of  self-regeneration  is  one  of  the  great  dis* 
tinetive  properties  belonging  to  all  organized  living  bodies. 
In  the  organism  of  animals,  every  part  is  continually  under- 
going what  may  be  called  physiological  decay ;  the  organic 
nitrogenized  principles  are  being  constantly  transformed  into 
effete  matter ;  and  as  these  principles  never  exist  without 
inorganic  principles,  with  which  they  are  closely  and  insep- 
arably united,  it  is  found  that  the  products  of  their  decay 
are  always  discharged  from  the  body  in  combination  with  in- 
organic matters.  This  process  of  molecular  change  is  a  ne- 
cessary and  inevitable  condition  of  life.  Its  activity  may  be 
increased  or  retarded  by  various  means,  but  it  cannot  be 
arrested  The  excrementitious  principles  which  are  thus 
formed  are  produced  constantly  by  the  tissues,  and  must  be 
continually  removed  from  the  organism,  otherwise  they 
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aceumtilate  and  inclnoe  serioTis  toxic  conditioiiB*  Examples 
of  tliie  are  found  in  those  diseases  of  the  kidneys  which  in- 
terfere  with  the  elimination  of  urea,  pmluemg  ursemic  poi- 
soning, and  in  diseases  of  the  liver  which  interfere  with  the 
eluni nation  of  cholesterine,  gi^ng  n&e  to  eholestereemia. 

It  m  evident  from  the  amount  of  matter  which  is  dailv 
discharged  from  the  body  that  the  process  of  dlsassimila- 
tionj  as  it  is  Bometiines  called,  must  be  exceedingly  active* 
Its  conBtant  operation  necessitates  a  constant  appropriatioii 
of  new  matter  by  the  parts,  in  order  that  they  may  main* 
tJiin  their  integrity  of  coraposition,  and  he  always  ready  to 
perform  their  fonctions  in  the  eeononiy.  The  blood  con- 
tains all  the  principles  necessary  for  the  regeneration  of  the 
organism.  Its  inorganic  constitnente  are  generally  found  in 
the  same  form  in  which  they  exist  in  the  snhstanee  of  the 
tissnes;  but  the  organic  principles  of  the  parts  are  formed 
in  the  Biibfitance  of  tlie  tij^snes  themselves  by  a  transfomia- 
tion  of  material  fmTiished  by  the  blood.  The  phymological 
decay  of  the  organism  is,  thei'efijfe,  being  constantly  re- 
paired by  the  blood ;  but  in  order  to  keep  the  great  nutri- 
tive fluid  from  becoming  impoveriahedj  the  materials  which 
it  is  constantly  losing  mnstt  be  supplied  from  some  source 
out  of  the  body,  and  this  neeessitates  the  ingestion  of  matters 
which  are  known  as  fmid.  Food  is  t^iken  into  the  body  in 
obedience  to  a  want  on  the  part  of  the  sygtem  which  is 
expressed  by  the  sensation  of  honger,  when  it  relates  to 
eolJd  or  fiemiaolid  matters,  and  thirstj  when  it  relates  to 
water.  As  these  sensations  are  the  first  cause  of  the  intro- 
duction of  the  materials  capable  of  regenerating  the  blood, 
their  consideration  naturally  precedes  the  study  of  digestion, 
the  process  by  which  the  articles  of  food  are  prepareil  for 
absorption  and  appropriation  by  the  cirenlating  fluid. 

Hunger  and  TAirsL 

The  term  hunger  may  be  applied  to  all  degrees  of  diat 
[peculiar  want  felt  by  the  system  which  induces  the  ingestion 
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of  nutritive  principles.  Its  first  manifestations  are,  perhaps, 
best  expressed  by  the  term  appetite ;  a  sensation  by  no  means 
disagreeable,  and  one  which  may  be  excited  by  the  sight, 
smell,  or  even  the  recollection  of  savory  articles,  at  times 
when  it  does  not  absolutely  depend  on  a  want  in  the  system. 
In  the  ordinary  and  moderate  development  of  the  appetite,  it 
is  impossible  to  say  that  the  sensation  is  referable  to  any  dis- 
tinct part  or  organ.  It  is  influenced  in  some  degree  by  habit ; 
in  many  persons,  the  feeling  being  experienced  at  or  near 
the  hours  when  food  is  ordinarily  taken.  If  not  soon  grati- 
fied, the  appetite  is  rapidly  intensified  until  it  becomes 
actual  hunger.  Except  when  the  quantity  of  food  taken  is 
unnecessarily  large,  the  appetite  simply  disappears  on  the 
introduction  of  food  into  the  stomach,  and  gives  place  to  the 
sense  of  satisfaction  which  accompanies  the  undisturbed  and 
normal  action  of  the  digestive  organs ;  or,  in  those  who  are  in 
the  habit  of  engaging  in  absorbing  occupations  at  that  time, 
the  only  change  experienced  is  the  absence  of  desire  for  food. 
The  sense  of  oppression  and  fulness  which  attends  over-dis- 
tension of  the  stomach  is  simply  superadded  to  the  feeling  of 
satisfaction  of  the  appetite,  and  is  not  a  necessary  part  of  it. 

In  man,  the  appetite  is  usually  manifested  in  a  marked 
d^ee  at  least  twice,  and  generally  three  times,  in  the 
twenty-four  hours.  In  this  country,  food  is  commonly  takon 
three  times  daily.  In  childhood,  when  the  system  demands 
material,  not  only  for  the  repair  of  worn-out  parts,  but  for 
growth,  food  is  generally  taken  oftener  and  in  larger  rela- 
tive quantity  than  in  the  adult.  The  infant  should  satisfy 
the  appetite  at  least  six  or  seven  times  in  the  twenty-four 
hours ;  and  nothing  has  a  more  serious  influence  upon  the 
development  of  the  growing  child  than  bad  quality  or  a 
restricted  quantity  of  food. 

It  has  been  observed  that  children  and  old  persons  en- 
dure deprivation  of  food  by  no  means  so  well  as  adults. 
This  fact  was  noted  by  M.  Savigny  in  the  case  of  the  wreck 
of  the  frigate  Medusa.  After  the  wreck,  one  hundred  and  fiftv 
84 
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persons,  of  all  age^^  were  exposed  on  a  raft  fur  tliirteen  daja 
with  hardly  any  focNl  Out  of  this  niiiiiher  only  fitleen  sui^ 
vivcd^  ainoncr  them  M.  Savigiij^  and  the  children,  yomig 
persuDSj  and  the  aged,  were  the  tirst  to  succumb.* 

Important  niodificatione  in  the  appetite  are  due  to  tejn- 
perature.  In  cold  climates,  and  during  the  winter  geason  in 
all  elimates,  the  desire  for  tin  id  is  notably  inereased,  and  tlie 
tastes  are  somewhat  moditled.  Aniixial  Ibodj  and  particu- 
larly fats,  are  more  agreeable  at  that  time,  and  the  quantitj; 
of  nutriment  which  is  demanded  bj  the  system  is  then  con* 
siderably  gmater.  In  many  persons^  the  difference  in  the 
appetite  in  wann  and  cold  seasons  ie  very  marked,  and  they 
habitually  lose  flesh  iiithe  summer  and  regain  it  in  the  winter* 

Exercise  and  occupation,  both  mental  and  pliysic^il,  when 
not  pushed  to  the  point  of  exhaustion,  increase  the  desire  for 
food  and  undoubtedly  facilitate  digestion.  Certain  article^  es- 
pecially the  vegetable  bitters,,  taken  into  the  stomach  imme^ 
diately  before  the  time  when  food  is  habitually  taken,  trequent- 
ly  have  the  same  effect;  while  other  aiticles,  which  do  not 
satisfy  the  requirements  of  tlie  sy stern,  have  a  tendency  to 
diminish  the  desire  for  food.  Many  articles  of  t]ie  materia 
medica,  especially  preparations  of  opium,  Iiave,  in  some  peiv 
sons,  a  marked  influence  in  diminishing  the  appetite.  The 
abuse  of  alcoholic  stimulants  will  sometimes  take  away  all 
desire  for  fcKid.  ^\Tien  hunger  is  pressing,  it  has  l>een  ob- 
served that  tobaccoj  in  those  who  are  accustomed  to  its  use, 
will  fi*equently  allay  the  sensation  for  a  time.    When  the 

^nt  k  Naufrat^t      U  Frfy^  du  Moi,  la  Medust,  m  1816.    Thfese^  No.  84, 

ThA  olwemtioni  oi  B^ngny  were  among  Ui«  fir^t  to  show  the  electa  of 
iimtiUio^  in  the  humwa  0ubj«ci.  Titer  ari*  pecttlmrlj  inU^rcentitig  fram  this  fmrt, 
ftDd  iLs  showing  the  oapadtj  of  endiirmf;  deprivation  of  food  and  drink  at  dtfTer- 
cot  age*.  As  we  should  eipcet.  In  the  adult,  the  power  of  resUtanee  waa  a 
tha  mii:xitiiun] ;  for,  at  ihl^  pericKl  of  Hie,  the  rigor  of  Cho  orgntthiti]  Is  gm' 
o^t|  Ijoth  m  regar  J;i  ^ntt^ctiUr  str«!figth  and  eoduraiacc,  and  the  capacilf  to 
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Bystem  haa  been  badly  nourished  from  any  cause,  as  after 
prolonged  abstinence,  or  in  recovery  from  an  exhausting  dis- 
ease, hunger  is  generally  pressing  and  almost  constant;  and 
this  continues  until  the  organism  has  regained  its  normal  con- 
dition. Under  these  circumstances,  the  ingestion  of  food, 
even  in  unusually  large  quantity,  has  but  a  momentary 
effect  in  appeasing  the  appetite ;  showing  that  though  the 
feeling  of  satiety  which  follows  the  introduction  of  a  suf- 
ficient quantity  of  food  into  the  stomach  is  experienced,  the 
system  stiU  feels  the  want  of  nourishment,  and  this  want  is 
expressed  by  an  almost  immediate  recurrence  of  the  appe- 
tite. 

In  some  of  the  lower  animals,  extirpation  of  the  spleen 
has  been  observed  to.be  followed  by  a  marked  increase  in 
the  appetite ;  *  but  this  effect  is  by  no  means  constant,  and 
it  sometimes  follows  removal  of  one  kidney,  an  operation 
which  does  not  appear  to  interfere  with  any  of  the  physiolo- 
gical processes. 

If  food  be  not  taken  in  obedience  to  the  demands  of  the 
system  as  expressed  by  the  appetite,  the  sensation  of  hunger 
becomes  most  distressing.  It  is  then  manifested  by  a  pecu- 
liar and  indescribable  sensation  in  the  stomach,  which  soon 
becomes  developed  into  actual  pain.  This  is  generally  ac- 
companied by  intense  pain  in  the  head  and  a  feeling  of 
general  distress,  which  soon  render  the  satisfaction  of  this 
imperative  demand  on  the  part  of  the  system  the  absorbing 

*  The  following  obserration  showed  a  very  remarkable  increase  in  the  appe- 
tite conseqaent  upon  the  removal  of  the  spleen. 

Feb.  11,  1861.  The  spleen  had  been  removed  from  a  young  dog,  the  subject 
of  this  operation,  about  six  weeks  before.  The  animal  recovered  from  the  opera- 
tion without  a  bad  symptom,  and  is  perfectly  well,  sleek,  and  fat,  weighing 
twenty-two  pounds.  Since  the  operation,  the  disposition  has  become  ferocious, 
90  that  it  is  dangerous  to  come  near  him.  The  appetite  is  insatiable,  and  he 
will  eat  even  the  refuse  from  the  dissecting-room. 

The  dog  was  brought  before  the  class  at  the  New  Orleans  School  of  Medicine 
at  two  p.  M.,  and  ate  a  little  more  than  four  pounds  of  beef-heart,  or  nearly  one- 
fifth  of  his  weight.  He  had  been  fed  abundantly  about  twenty-four  hours  bo- 
fora 


idea  of  esiotence.  Starvation  overcomes,  m  many  ia^taoces, 
every  moral  atid  intellectual  feeling,  and  gives  full  pky  to 
the  purely  animal  inBtiiiets.  Jurions  delirium  freqnentJy 
enpervenes  after  a  few  days  of  complete  abetinence  ;  and  this 
generally  the  imnxediate  precursor  of  death.  It  ii  tin- 
neceeaarj  to  cite  any  of  the  numeroug  inBtances  in  which 
murder  and  cannibalism  are  resorted  to  when  starvation  is 
imminent ;  sufflce  it  to  saVj  that  the  extremity  of  hunger  or  of 
thirst,  like  the  sense  of  impending  suffocation,  is  a  demand 
on  the  part  of  the  system  so  imperative,  that  it  mmi  be  sat* 
isfied  if  within  the  range  of  possibility.  There  have  been 
instances  of  sublime  resignation  in  the  face  of  this  tenible 
agony,  but  these  are  rare  in  comparison  with  the  examples 
of  frightful  expedients  to  satisfy  tlie  demands  of  nature. 

The  question  of  the  seat  of  the  sense  of  hanger  is  one 
of  coneiderable  physiological  interest  When  we  say  that  it 
16  instinctively  referred  to  the  stomach,  it  is  simply  express^ 
ing  the  fact  that  the  sensation  is  of  a  nature  to  demand  the 
introduction  of  food  into  the  alimentary  can  ah  The  sense 
of  want  of  air  demands  the  introduction  of  fre^h  air  into  tlie 
lungs ;  but,  though  air  be  inspired,  if  any  thing  interfere  witli 
its  pasBage  to  the  system  by  the  blood,  the  demand  for  oxy- 
gen h  unsatisfied*  It  has  been  shown  that  the  real  seat  of 
the  respiratory  sense  is  in  the  general  system,  and  that  thii 
is  referred  to  the  lungs  becanse,  necessarily,  it  is  by  the  in- 
troduction of  air  into  these  organs  that  tlie  want  is  met. 
This  fact  can  be  readily  proven,  as  the  effects  of  deprivation 
of  oxygen  are  almost  instantaneously  mauiiested.  It  is 
easy  to  introduce  air  artificially  into  the  lungs,  and  by 
simply  interrupting  the  circulationj  or  by  draining  the  sys- 
tem of  blood,  to  preTent  iU  access  to  the  system.  The  same 
principle  is  matdfested,  in  a  manner  no  less  distinct,  with 
regard  to  the  ingestion  and  assimilation  of  food.  When  the 
system  is  suffering  from  defective  nutrition,  as  after  pro- 
longed abstinence  or  duriog  recovery  from  diseases  which  have 
been  accompanied  by  lack  of  assimilation,  the  mere  filling 
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of  the  Btomach  produces  a  sensatioii  of  repletion  of  this 
organ,  but  the  sense  of  hunger  is  not  relieved ;  but  if,  on 
the  other  hand,  the  nutrition  be  active  and  sufficient,  the 
stomach  is  frequently  entirely  empty  for  a  considerable 
time  without  the  development  of  the  sense  of  hunger.  The 
following  observation  bears  strongly  on  this  point :  In  a  dog 
with  a  fistula  into  the  gall-bladder,  the  bile-duct  having 
been  tied  and  partly  exsected,  digestion  was  so  much  in- 
terfered with  that  death  from  inanition  took  place  in  thirty- 
eight  days ;  and  although  the  animal  took  food  abundantly, 
the  appetite  was  voracious  and  never  satisfied.*  The  same 
phenomenon  has  sometimes  been  observed  in  cases  of  diabetes 
accompanied  with  great  deficiency  of  assimilation.  The  ap- 
petite is  preserved  and  hunger  is  felt  by  persons  who  suffer 
from  extensive  organic  disease  of  the  stomach,  and  the  sen- 
sation has  been  occasionally  relieved  by  nutritious  enemata 
or  by  injections  into  the  veins. 

An  interesting  and  curious  case  has  lately  been  reported 
by  Prof.  Busch,  of  Bonn,  which  points  almost  conclusively 
to  want  of  assimilation  of  nutritive  matter  by  the  general 
system  as  the  great  cause  of  the  sensation  of  hunger.  In 
this  case,  which  will  be  more  fiilly  detailed  hereafter,  there 
was  a  fistula  into  what  appeared  to  be  the  upper  third  of  the 
small  intestine.  The  patient  was  a  woman,  thirty-one  years 
of  age,  in  the  sixth  month  of  her  fourth  pregnancy,  and  re- 
ceived the  injury  which  resulted  in  the  fistulous  opening,  by 
being  tossed  by  a  bull,  one  of  the  horns  penetrating  the  ab- 
domen. She  was  seen  by  Prof.  Busch  six  weeks  after  the 
injury,  at  which  time  every  thing  taken  into  the  stomach 
passed  at  the  upper  opening  of  the  fistula.  Although  the 
patient  took  food  in  large  quantity,  she  became  extremely 
emaciated  and  weak.  "  The  patient  at  first  had  a  most  vo- 
racious appetite ;  she  never  felt  satisfied.  She  continued  to 
eat,  even  when  the  first  portions  of  food  which  she  had  taken 

'  See  an  article  by  the  author,  on  a  New  Excretory  Function  of  the  lAtter. 
'^American  Journal  of  the  Medical  Scienen^  Oct.,  1862. 
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were  eficapiug  tlirougb  ihe  opening.  Slie  would  then  say 
that  she  felt  better,  hut  was  still  hungry.  Pro£  Buseh  infei^ 
that  Lunger  is  ecmipoBecl  of  two  &eparate  sensation^^ — one 
general  J  the  other  local ;  the  funuer  reaaking  tirom  the  want 
of  material  to  supply  tlie  wa&te  of  tissue."  * 

The&e  factB  render  it  certain  that  the  appetite  and  the  sense 
of  hunger  are  expressionjs  of  a  general  want  on  the  part  of 
the  system  J  referred  by  our  sensations  to  the  stomach,  but 
really  located  in  the  general  By&teni,  This  want  can  only 
be  completely  satislied  by  tlie  absorption  of  digested  ali- 
mentary matter  by  the  blood  and  it^  aseimilation  by  the 
tissues.  This  j«  m  evident^  with  our  present  knnwleclge, 
that  it  is  unneceasary  to  discuss  the  vai*ious  theories  wlueh 
have  been  proposed  to  account  for  the  sense  of  hunger ; 
sueh  as  repletion  of  the  tubes  of  the  Btomaeh  w  ith  gastric 
jo  ice  J  the  reflux  of  bDe  from  tJie  duodenum,  rubbing  tc»gether 
of  the  walls  of  the  stomach,  etc,  etc. 

The  sense  of  hunger  is  undoubtedly  appreciated  by  the 
cerebrum,  and  it  hag  been  a  question  whetlier  there  be  any 
special  nerves  which  have  the  function  of  conveying  this 
impression  t*>  the  great  nervous  centre.  The  nerve  which 
would  naturally  be  euf^pected  to  pos&esB  tins  function  is  the 
pneumogastric  ;  but  in  spite  of  certain  observations  to  tlio 
contrary,  it  has  been  proven  that  section  uf  both  of  these 
nerves  by  no  means  abolishes  the  deaire  for  food/  Lou  get 
has  observed  that  dogs  eat,  apparently  with  satisfaction,  ailer 
section  of  tlie  glosao-pharyngeal  and  lingual  nerves/  The 
last-named  observer  is  of  the  opinion  that  the  sensation  of 
hunger  is  conveyed  to  the  brain  through  the  sympathetic  sys- 
tem.  Although  there  are  various  considerations  which  render 

I  SOS,  g,  140  tiaeq.  A  ttmmnxf  of  tfak  casc  k  aIso  t^vea  in  liie  Arnmiem  Jo^r^ 
nai  of  the  Mtdical  Sdtmem,  July,         p.  2l7i       m  llie  iVWift  Jmmiim  MM- 

*  LouQWf,  7MU  it  Ph§9khgif^  Paiia,  Um^  icmiv  L,  p.  £4 
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tikis  somewhat  probable,  it  is  not  apparent  how  it  could  be 
demonstrated  experimentally.  It  is  nndoubtedly  the  sympa- 
thetic system  of  nerves  which  presides  specially  over  nutri- 
tion; and  hunger,  which  depends  upon  deficiency  of  nutrition, 
is  certainly  not  conveyed  to  the  brain  by  any  of  tlie  cerebro- 
spinal nerves. 

Thirst  is  the  special  sensation  which  induces  the  ingestiou 
of  water.  In  its  moderate  development,  this  is  usually  an 
indefinite  feeling,  accompanied  with  more  or  less  sense  of 
dryness  and  heat  of  the  throat  and  fauces,  and  sometimes, 
after  the  ingestion  of  a  quantity  of  very  dry  food,  by  a  pecu- 
liar sensation  referred  to  the  stomach.  There  is  nothing 
agreeable  connected  with  the  sensation  of  thirst  under  any 
circumstances ;  but  when  it  has  become  intense,  the  imme- 
diate satisfaction  which  follows  the  ingestion  of  a  liquid, 
particularly  water,  is  very  great.  Thirst  is  very  much  under 
the  influence  of  habit,  some  persons  only  experiencing  a  de- 
sire to  take  liquids  two  or  three  times  daily,  while  others  do  so 
much  more  frequently.  The  sensation  is  also  sensibly  influenced 
by  the  condition  of  the  atmosphere,  as  regards  moisture,  by 
exercise,  and  other  circumstances  which  influence  the  dis- 
charge of  water  from  the  body,  particularly  by  the  skin.  A 
copious  loss  of  blood  is  always  followed  by  great  thirst.  This 
we  have  fi'equently  noticed  in  the  inferior  animals.  After 
an  operation  involving  hcemorrhage,  they  nearly  always  drink 
with  avidity  as  soon  as  released.  In  diseases  which  are 
charlEu^terized  by  increased  discharge  of  liquids,  thirst  is  gen- 
erally excessive. 

The  demand  on  the  part  of  the  system  for  water  is  much 
more  imperative  than  for  solids ;  in  this  respect  being  only 
second  to  the  demand  for  oxygen.  Animals  will  live  much 
longer  deprived  of  solid  food,  but  allowed  to  drink  freely, 
than  if  deprived  of  both  food  and  drink.*   A  man,  supplied 

'  It  is  a  well-known  fact  that  in  inanition,  the  ingestion  of  water  prolongs  liie, 
in  man  and  in  the  Tnammalia ;  but  the  observations  of  Ohossat  have  shown  that 
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wilii  dry  food,  but  deprived  of  watar^  will  not  survi^re  beyond 
a  few  days,  Water  is  necessary  to  the  function  of  nutritioii^ 
and  acte,  moreover,  as  a  solvent  in  removing  from  tlie  system 
the  products  of  digassiDiilation* 

After  deprivation  of  water  for  a  considerable  time^  tlio 
intense  thirst  becomes  most  agonizing.  The  dryness  and 
heat  of  the  throat  and  fauces  are  increased,  and  accompanied 
by  a  distr^ging  sense  of  constriction,  A  general  febrfle 
condition  supervenes,  the  blood  is  diminiehed  in  quantity 
and  becomes  thickened^  the  urine  is  scanty  and  scalding,  and 
there  seems  to  be  a  condition  of  the  principal  vkcera  ap- 
proaching iuflammatiorL  Death  takes  place  in  a  few  daySj 
generally  preceded  by  delirium. 

The  sensation  of  tldrat  is  instinctively  referred  to  the 
month,  throat,  and  fauces ;  but  it  is  not  necessarily  appeased 
by  the  |>assa^e  of  water  over  these  partes,  and  it  may  be 
efiectually  relieved  hy  the  introduction  of  water  into  the 
syatem  by  other  channels,  as  by  injecting  it  into  the  veins. 
Bernard  has  demonstrated  by  tlie  ftillowing  experiment  that 
water  must  be  absc^rbed  before  the  demands  of  the  system 
can  be  satisfied;  He  made  an  opening  into  the  oesopha- 
gus of  a  horse,  tied  the  lower  portion,  and  allowed  the 
animal  to  driiikj  after  he  had  been  deprived  of  water  for  a 
number  of  hours.  The  animal  drank  an  immense  quantity , 
but  the  water  did  not  pass  into  the  stomach,  and  the  thirst 
was  not  relieved.  He  modified  this  experiment  by  causing 
dogs  to  drink  with  a  fistulous  opening  into  the  stomach  by 
which  the  water  was  immediately  discharged-  They  contin- 
ued to  drink  mthout  being  satisfied,  until  the  fistula  was 
closed  and  the  water  could  be  absorbed/  We  have  of^en 
repeated  the  latter  experiment  in  public  demonstrations*  In 

Lhii  do^  not  Uike  plac^  In  hM%  m  which  stiLnriitjoa  Memn  to  take  JkwAj  tlit 
dmra  for  drink  (CuosfiAT,  Ef<^gr£het  IkphritfierUtdu  4ur  tlnaaiiwm^  Pftno,  1&4^ 
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one  of  these,  particnlarly,  the  animal  drank  repeatedly  until 
he  had  taken  several  quarts  of  water,  only  ceasing  from 
fatigue,  and  soon  recommencing ;  but  as  soon  as  the  fistula 
was  closed,  he  drank  a  moderate  quantity  and  was  satis- 
fied. 

In  a  case  reported  by  Dr.  Gairdner,  of  Edinburgh,  in  the 
human  subject,  all  the  liquids  swallowed  passed  out  at  a 
wound  in  the  neck  by  which  the  oesophagus  was  cut  across. 
The  thirst  in  this  case  was  insatiable,  though  buckets-full  of 
water  were  taken  in  the  day ;  but  on  injecting  water,  mixed 
with  a  little  spirit,  into  the  stomach,  the  sensation  was  soon 
relieved.*  This  observation  was  made  in  1820,  long  before 
the  experiments  just  referred  to  upon  the  inferior  animals. 

Though  the  sensation  of  thirst  is  referred  to  special  parts, 
it  is  an  expression  of  the  want  of  fluids  in  the  system,  and  is 
only  to  be  effectually  relieved  by  the  absorption  of  fluids  by 
the  blood.  There  are  no  nerves  belonging  to  the  cerebro- 
spinal system  which  have  the  office  of  carrying  this  sensation 
to  the  brain,  division  of  which  will  abolish  the  desire  for 
liquids.  Experiments  show  that  no  effectual  relief  of  the 
sensation  is  afforded  by  simply  moistening  the  parts  to  which 
the  heat  and  dryness  are  referred.  As  a  demand  on  the  part 
of  the  system,  it  is  entirely  analogous  to  the  sense  of  want  of 
air  and  of  hunger,  only  differing  in  the  way  in  which  it  is 
manifested. 

Inanition  and  InsufficierU  Alimentation. 

The  history  of  inanition  belongs  more  to  pathology  than 
to  physiology.  To  make  use  of  the  striking  and  oft-re- 
peated quotation  from  the  admirable  monograph  of  Chos- 
sat,  it  is  "  a  cause  of  death  which  advances  in  the  front  and 
in  silence  in  every  disease  in  which  alimentation  is  not  in  a 

'  Gaironer,  CoKofa  Wound  of  the  Throat  in  which  (he  Trachea  and  (Etoph- 
tiffm  were  divided  across,  and  which  did  not  terminate  faiaUy,  although  the  parts 
katte  not  reunited — Edinburgh  Medical  and  Surgical  J<uma!,  1820,  toL  xvu, 
p.  806. 
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aornial  condition."'  Though  inatiitioQ  is  a  pathological 
eooditiun,  it  represents  physiological  waste  of  the  organ- 
imi  without  the  fiupplj  of  material  from  without  by  which 
the  tijisues  are  regenerated.  The  phenomena  which  accom- 
pany complete  deprivation  of  nutritive  material  are  likewise 
pre&ent,  in  a  decree,  iti  insufficient  alimentation.  The  termi- 
nation i&  t]ic  saraej  and  occiu-a  when  the  ejstem  has  been 
reduced  to  the  same  condition  as  when  death  occurs  from 
absolute  innutrition ;  the  only  difference  being  in  the  inten- 
sity and  duration  of  the  phenomena  which  precede  the  fatal 
result.  If  aliment  be  insufficient  in  quantity,  improper  in 
quality,  or  if  the  process  of  digei^tion  and  aiisimilation  be  so 
iar  interfered  with  as  to  prevent  the  normal  regeneration  of 
the  l>lood^  and  through  the  bh>od^  of  the  tissues,  death  takes 
place  from  inanitionj  with  phenomena  identical  with  those 
which  occur  in  animals  entirely  deprived  of  food.  The  vital 
properties  of  the  tissues  demand  that  material,  of  the  proper 
constitution  and  in  adequate  quantity,  be  introduced  from 
without*  A  deficiency  in  quantity  or  in  quality,  within 
certain  limits,  is  met  by  a  diminished  capacity  on  tho  part 
of  the  system  for  that  exercise,  both  mental  and  physical, 
which  increases  waste  ;  and  consequently,  the  general  condi- 
tion of  the  organism  is  lowered,  to  enable  it  to  adapt  itself  to 
the  diminished  gupply,  Nature  can  generally  dispose  of  an 
excess  of  nutritive  material,  but  cannot  make  up  a  deficiency. 
If,  however,  the  quantity  or  quality  of  fmd  be  reduced  be- 
low  a  certain  pointy  the  waste  must  become  gi'eater  than  the 
supply,  and  death  takes  place  from  inanition,  more  slowly, 
but  no  less  certainly,  than  when  the  nutritive  supply  is  cut 
off  altogether, 

Obsei'vations  on  the  inferior  animals,  and  the  hunum 
subject  on  thme  occasions  which  have  presented  themselves 
in  shipwreck,  times  of  famine,  etc*,  have  led  to  a  tolerably 

*  Cboosjit,  JEw^cAe*  Mxp^timaitale^  9ur  tlnanitian^  ParM,  1845,  194. 
The  term  immHaUtm  it  uaed  hy  Chossat  to  expr«fis  the  progressive  condition 
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accurate  knowledge  of  the  phenomena  which  attend  inani- 
tion or  insufficient  alimentation.  The  experiments  of  Collard 
de  Martigny,  on  dogs,  though  undertaken  with  the  view  of 
determining  the  influence  of  starvation  on  the  constitution 
of  the  blood  and  lymph,  developed  many  interesting  facts 
with  regard  to  the  general  changes  which  take  place  in  this 
condition.*  A  few  years  later,  the  phenomena  of  inanition 
and  its  influence  upon  the  various  organs  were  minutely 
studied  by  Chossat,  whose  exhaustive  memoir  received  the 
prize  of  experimental  physiology  from  the  Parisian  Academy 
of  Sciences,  in  1844.  These  researches,  beside  confirming 
the  observations  of  Collard  de  Martigny,  developed  many 
new  facts,  and  have  since  served  as  the  basis  of  our  accurate 
experimental  knowledge  on  this  subject.'  Phenomena  anal- 
ogous to  those  observed  in  animals  have  been  noted  in  the 
instances  in  which  starvation  has  been  observed  in  the 
human  subject,  with  the  addition  of  certain  intellectual  dis- 
turbances which  accompany  this  condition. 

The  following  are  the  effects  of  inanition,  as  ascertained 
chiefly  by  experiments  upon  the  inferior  animals  : 

Progressive  diminution  in  the  weight  of  the  body  has 
been  invariably  observed.  Though  the  sensible  excretions 
are  very  much  diminished  in  quantity,  it  is  none  the  less 
evident  that  destructive  assimilation  is  constantly  going  on, 
even  long  after  the  process  of  repair  has  ceased.  Chossat 
has  shown  that  the  maximum  of  daily  loss  of  weight  is 
generally  at  the  commencement  of  an  experiment.  Some- 
times it  is  toward  the  termination,  but  never  during  the  in- 
termediate period.  The  great  loss  in  weight  generally  ob- 
served at  the  commencement  is  due  to  the  discharge  of  the 
residue  of  aliment  taken  the  day  before.  Without  noting 
the  first  day,  the  daily  loss  from  the  commencement  to  the 

'  Collard  de  Martigny,  Recherches  ExperimetUalei  sur  les  JSffets  de  VAbsti- 
nenee  complete  d^Alimenn  solides  el  liquidts^  mr  la  compontion  et  la  quantiie  du 
Sanff  etdela  Lymphe. — Journal  de  PhjffiologUy  1S28,  tome  viii.,  p.  152. 

•  Chossat,  Recherches  Experimental^  sur  T Inanition^  Paris,  1843. 
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fatal  tarinmatioii  does  not  present  aoj  considerable  yariatioEL 
The  minimum  loes  of  weight  is  neTer  at  the  <*onitnencement, 
but  generally  at  the  middle  of  an  experiment,*  The  same 
observer  noted  that  the  proportionate  lam  t>f  weight  ws^ 
reinarkably  uniform,  even  in  different  classes  of  animals 
lu  experinient:^  made  upon  birds,  Guinea-pigs,  and  rab- 
bity the  almost  unifonii  result  was  death  when  the  loes 
reached  had  tour-tenths  of  the  original  weight/  This  rule 
h  feonicwhat  moflitied  by  obesity,  under  thia  condition  the 
loss  of  fat  beyond  the  usual  quantity  being  added  to  the 
ordinarj^  loss  of  Ibur-tenths-  In  a  few  iimtancee  the  pro- 
portionate loss  was  increased  so  as  to  amount  to  five-tenths 
of  the  weight,  but  this  appeared  to  be  the  limit.  By  refer- 
ence to  the  table,'  it  is  seen  that  the  two  pigeons  which  the 
author  specially  alludes  to  as  very  fat,  and  in  wliieh  the  loss 
was  over  five-ten tlis  of  the  weight,  lived  respectively  16^^ 
and  2*>i*t^  dayg;  the  average  duration  of  life  iu  the  animals 
of  this  class  being  a  httle  more  than  ten  days.  This  would 
indicate  that,  other  things  being  equal^  obesity  gives  a  some- 
what increased  power  of  resistanee  to  inanition. 

Age  seems  to  have  a  more  marked  and  important  influ- 
ence upon  the  power  of  resistance  to  inanition  and  the  pro- 
portionate loss  of  weight  before  death  occurs,  than  any  other 
circumstance.  In  a  number  of  experiments  upon  turtlft- 
dovee^  in  which  they  were  divided  into  three  classes:  Ij  the 
young ;  %  those  of  medium  age  j  and  3,  the  adult,  the 
foUowiug  results  were  obtained : 

In  the  first  class,  death  took  place  in  days,  after  a 
proportionate  loss  of  weight  of  ;  in  the  second,  death  oo- 
cured  in        days,  after  a  proiKsrtionate  lo^  of        ;  and 

*  In  ibt?  obscrvntjoii^  Chossat  on  eome  of  the  oold4*lt>oJtnj  itilmik  (r«j^ 
til«*  ind  flahes)^it  was  found  that  lUough  tife  c<>ntinued  f<^r  a  rtrj  loog  period— 
ia  msige  of  dara^-wleaib  occurred  whim  the  losa  of  weight  had  reacbod 
th(i  point  *t  wtudi  it  tnkes  i^wtie  m  warm-hloodftd  nmmtls.^O/^.  eiL^  p.  46  J 
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In  the  last  class,  death  occurred  in  13^^  days,  after  pro- 
portionate loss  of  T^V' 

This  corresponds  with  all  recorded  observations  concern- 
ing the  influence  of  age  on  the  power  of  resistance  to  inani- 
tion, in  the  human  subject,  as  well  as  in  the  inferior  animals. 
During  the  earlier  periods  of  life,  especially  before  the  sys- 
tem has  attained  its  perfect  development,  aliment  is  de- 
manded, not  only  to  repair  waste,  but  for  growth ;  and  at 
this  time,  when  the  demand  for  food  is  greatest,  the  organism 
is  least  able  to  bear  total  deprivation,  insufficient  quantity, 
or  inferior  quality  of  food. 

All  parts  of  the  organism  are  by  no  means  equally 
aflfected  by  inanition.  As  an  invariable  rule,  the  fat  dis- 
appears almost  completely.  The  blood  is  diminished  about 
three-quarters,  and  the  digestive  organs  more  than  one-half. 
The  muscular  system  is  diminished  nearly  one-half.  The 
weight  of  the  nervous  system  is  least  affected. 

The  following  table  gives  the  proportionate  loss  of  the 
different  parts  of  the  body  :  * 

Lemper  100  of  different  parU  of  ike  Body  in  Inomition. 


Puis  that  loee  moN  than  the  meaD, 


Fat   0-933 

Blood   0-760 

£^)leeiL   0-714 

Pincreas.   0-641 

Lirer.   0-520 

Hetrt   0-448 

loteBtmes   0*424 

Uoscles  of  locorooiioii.   0-428 


Parts  that  loso  less  than  the  mean,  ^. 


Stomach   0-897 

Pharynx,  oesophagus   0-342 

Skin   0-888 

Kidneys   0-319 

Respiratory  apparatus   0*222 

Osseous  system   0*167 

Eyes.   0*100 

Nervous  system   0*019 


After  death  the  stomach  is  found  small  and  contracted, 
the  intestinal  canal  is  reduced  in  caliber,  and  its  length  is 
diminished  nearly  one-third  (-MV)-  The  digestive  fluids, 
which  are  only  secreted  when  food  is  contained  in  the  ali- 


CnoesAT,  op,  cU,^  p.  28. 


«  n)id.,  p.  92. 
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mentary  caoal,  are  necessariljr  absent ;  but  the  bile,  wlilch 
ia  an  excretion  as  well  as  a  secretion j  is  still  found  iu  tbe 
galbbladderj  but  is  apparently  concentrated.  In  gome  of 
the  obserrationa  of  Collard  de  MartigOT,  urine  was  found  in 
the  bladder,  but  it  contained  no  urea,  Lassaigne  found  urea 
in  the  urine  of  an  insane  person  who  had  not  eaten  for  eigh- 
teen (iajs,* 

The  fieces  are  discharged  infrequentlj,  and  are  scanty  and 
hard,  except  in  certain  cascis  when  dtarrhcea  seta  in  toward 
the  close  of  life*  Diarrhoea  was  noted,  occurring  at  this 
time,  in  souie  of  the  observations  of  Chossat, 

One  of'tlie  most  marked  and  important  changes  in  inani- 
tion is  diminution  in  quantity  and  impoverishment  of  the 
blood,  Collard  de  Martigny  ubserred  tiie  quantity  of  blood  to 
undergo  diminution  to  such  an  extent  that  the  skin  and  some 
of  the  muscles,  when  incised ,  discharged  no  blood,  but  only  a 
little  scrum  J  sometimei?  colorless  and  sometimes  ilightly  rose- 
colored.  He  is  of  the  opinion  that  during  the  later  periods  of 
inanition,  many  of  the  tissues  receive  no  blood/  It  is  evident 
that  when  the  quantity  of  blood  has  become  so  much  reduced, 
the  process  of  nutrition  in  many  parts  must  be  nearly  abol- 
ished. 

The  general  effect  of  inanition  upon  the  circulation  is  to 
diminieh  tlie  force  and  frequency  of  the  heart's  action,  ex- 
cept during  tlie  cerebral  excitation,  which  is  so  frequent 
daring  the  early  periods  of  starvation.  The  heart  becomes 
very  much  atrophieilj  being  reduced  in  weight  nearly  one- 
halfp  In  a  man  convicted  of  murder  and  condemned  to 
death,  who  allowed  himself  to  die  of  starvation,  taking  notii- 
ing  but  water  for  eixty-three  days,  the  pulse  descended  to  thir* 
ty-seven  beats  per  minute/ 

After  a  certain  pMjriod  of  complete  al>stinenee,  it  is  im- 
po^ible  to  restore  the  powers  of  lile  by  the  administration 

•  UilcL*  p.  168. 

'  B^tLLftD^  Cimr^  de  I^yiioteffie^  Pfiria,  1818,  toma  i,  p,  829 
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of  food.  This  has  been  observed  in  persons  rescued  from 
immediate  starvation,  who,  in  the  last  stages,  can  only  be 
temporarily  revived.  Magendie,  in  experimenting  npon  the 
nutritive  powers  of  different  articles  of  food,  observed  in  a 
dog  that  had  been  fed  exclusively  on  butter,  all  the  phenom- 
ena which  accompany  inanition.  This  animal  died  of  starva- 
tion on  the  thirty-sixth  day,  although  on  the  thirty-second 
day  he  was  given  an  abundance  of  meat,  which  he  continued 
to  eat  for  two  days.' 

The  eflfect  of  inanition  on  respiration  is  to  gradually  di- 
minish the  number  of  respiratory  acts,  except  during  the 
stages  of  cerebral  excitation,  and,  according  to  Chossat, 
near  the  fatal  termination,  when  the  respiration  is  some- 
times panting.  The  exhalation  of  carbonic  acid  is  gradually 
and  progressively  diminished.  In  an  observation  by  Bidder 
and  Schmidt  on  a  cat,  the  exhalation  of  carbonic  acid  was 
gradually  diminished,  until  just  before  the  death  of  the  ani- 
mal (eighteen  days),  it  was  reduced  a  little  more  thaji  one 
half.'  After  a  few  days  of  complete  inanition,  or  in  persons 
who  have  been  subjected  for  some  time  to  insufficient  ali- 
mentation, the  breath  becomes  insufferably  fetid  and  offen- 
sive. In  the  instance  reported  by  Dr.  Soviche  of  eight  men 
who  were  shut  up  in  a  coal  mine  for  nearly  six  days,  with 
but  a  half-pound  of  bread,  a  bit  of  cheese,  and  two  glasses  of 
wine,  the  offensive  character  of  the  pulmonary  exhalations 
was  one  of  the  greatest  sources  of  suffering.* 

The  influence  of  progressive  inanition  upon  the  animal 
temperature  is  very  marked.  The  organism  seems  to  lose 
the  power  of  maintaining  that  unifonn  temperature  which 
is  peculiar  to  warm-blooded  animals.  In  almost  all  in- 
stances of  inanition  in  the  human  subject,  a  considerable 

*  Mageitdik,  Precis  jSlhneniaire  de  Physiologies  Paris,  1836,  tome  it,  p.  502. 

*  See  vol  I,  Respiration,  p.  434. 

'  SoTiCHE,  JSxiraii  du  Rapport  ntr  les  huii  Mineurs  eiifermes  pendent  cent 
Irenie^  heuret  dans  la  Hovilliere  dn  hois  Monzil. — Journal  des  Connaissaneet 
Uedico-Chirurgicdtes^  Paris,  1836-1837,  tome  iv.,  p.  119 
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dlimnutioii  in  temperature  hfts  been  noted.  In  the  case  of 
the  murderer  already  referred  to/  the  temperature  was  low- 
ered to  75**  Fahr.  The  observations  of  ChoBsat  on  this  sub- 
ject are  very  exact  and  satisfactory.  He  eommeneed  bv 
noting  the  average  normal  temperature  of  the  animak  to 
be  experimented  upon,  with  the  variations  at  different  times 
of  the  day.  In  pigeons  he  found  that  the  maximum  of  tem- 
perature (108**)  occurred  at  mid-day  j  the  minimumj  at  mid- 
night, was  106i66*,  giving  an  extreme  variation  of  1.34° 
Falin  This  variation  was  independent  of  the  surrounding  tem- 
perature. During  the  progress  of  inanition,  the  daily  vari- 
ation was  increa&ed  to  5.9°.*  There  was  also  a  very  slight 
but  well-marked  diminution  in  the  absolute  temperature. 
It  was  founds  also,  that  the  animals  ree4>vered  from  the  dimi- 
nntion  in  temperature  which  occurred  at  night  with  more 
diflScidty  than  during  nonual  alimentation,  and  the  periods 
of  minimum  temperature  were  unusually  prolonged- 

All  these  facts  point  to  a  progressively  dimini^ed  capa- 
city of  maintaining  the  independent  temperature  of  the 
body  during  inanition.  Immediately  preceding  the  fatal 
teniunatioUj  the  diminution  in  temperature  became  very 
rapid,  the  rate,  in  the  observations  on  turtledoves,  being 
tT«>m  to  11^  per  hour.  Death  usually  occurred  when  the 
diminution  had  amounted  to  about  30^,' 

»  Op.  €U.,  p.  las, 

'  The  expcnmenU  of  Cfacige»t  m  the  efTeeti  of  «rtt6dul  wutoth  on  ^nt^Alt  \a 
Ibe  Usi  Atages  of  inaniUoDi  when  tbe  lompcTAlure  hod  been  reduced  nearlj  to  th^ 
point  &t  which  deAih  occurs,  ore  of  grent  inter<at  In  some  of  tbe  auiaialfl,  artiSdal 
Ijeat,  witb  food,  restored  the  vital  powers  so  that  they  wensabk  to  digest  the  food, 
the  muflculAT  pOW(!r  relumed,  and  ihcj  Unallf  rccoreredl  In  nearly  all^  e^eq  iit«r 
the  toamtion  bad  proceedfd  iO  far  that  muficular  power  waa  entirelj  lot!  and  death 
wa^  imtnment,  partial  restoration  wai  aoeomplkhet],  Tbej  generally  moved  ftbout 
With  aoimatioti,  w«i-e  able  in  some  Instaneci  to  fly,  took  food  when  it  waa  pre- 
i«fnted  to  Utem,  and  digested  It,  though  Ihia  process  took  place  more  s>lowly  than 
In  health,  IKgeslion,  howerer,  did  not  continue  when  the  arciKciAi  warmth  wmi 
aufpended.  The  bait  tbui  acquired  was  found  to  be  e^ily  Io«t|  and  did  not  pt^ 
aeni  that  dt^gree  of  unifonnlty  which  charactcnzed  the  normal  animal  tempev^ 


INANITION.  31 

After  a  certain  period  of  inanition,  febrile  movement  and 
general  agitation  occur ;  and  there  is  almost  always  disturb- 
ance of  the  mental  faculties,  amounting  sometimes  to  furious 
delirium.  Frequently,  however,  the  delirium  is  of  a  mild 
character,  with  hallucinations.  There  are  cases  in  which 
there  is  no  marked  mental  disturbance,  but  these  are  gen- 
erally in  persons  who  voluntarily  suflfer  starvation.  In  a  dog 
experimented  upon  by  Collard  de  Martigny,  which  died  on  the 
thirty-fifth  day,  from  the  eleventh  to  the  nineteenth  day  the 
animal  was  in  a  fiirious  condition,  gnawing  almost  constantly 
at  the  bars  of  the  cage.  This  was  followed  by  a  condition  of 
great  debility,  which  continued,  with  short  periods  of  agita- 
tion, imtil  death.  During  inanition,  both  in  man  and  in  the 
inferior  animals,  there  is  very  little  sleep. 

The  length  of  time  that  life  continues  after  complete 
deprivation  of  food  and  drink  is  very  variable.  The  influ- 
ences of  age  and  obesity  have  already  been  referred  to. 
Without  citing  the  numerous  individual  instances  of  starva- 
tion in  the  human  subject  which  have  been  reported,  it  may 
be  stated  in  general,  terms,  that  death  occurs  after  from  five 
to  eight  days  of  total  deprivation  of  food.  In  1816,  one 
hundred  and  fifty  persons,  wrecked  on  the  frigate  Medusa, 
were  exposed  on  a  raft  in  the  open  sea  for  thirteen  days. 
At  the  end  of  this  time  only  fifteen  were  found  alive.  One 
of  the  survivors,  M.  Savigny,  gave,  in  an  inaugural  thesis, 
a  very  instructive  and  accurate  account  of  this  occurrence, 
which  has  been  very  generally  quoted  in  works  of  physiol- 
ogy. Authentic  instances  are  on  record  where  life  has  been 
prolonged  much  beyond  the  period  above  mentioned;  but 
they  generally  occurred  in  persons  who  were  so  situated  as 
not  to  suffer  from  cold,  which  the  system  under  this  condi- 
tion has  very  little  power  to  resist.  In  these  cases,  also, 
there  was  no  muscular  exertion,  and  water  was  generally 

tore.   For  a  full  diBcussion  of  these  interesting  questions,  the  reader  is  referred 
to  the  work  of  Choesat,  p.  105  9eq, 
85 
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taken  in  abundance.*  All  of  these  circumstances  have  an 
important  influence  in  prolonging  life. 

Berard  quotes  the  example  of  a  convict  who  died  of  star- 
vation after  sixty-three  days,  but  in  this  case  water  was 
taken.  The  instance  of  eight  miners  who  survived  after  five 
days  and  sixteen  honrs  of  almost  complete  deprivation  of  food 
has  already  been  referred  to.  B6rard  also  quotes  fi'om  various 
authorities  instances  of  deprivation  of  food  for  periods  vary- 
ing from  four  months  to  sixteen  years.  All  of  the  subjects 
were  females,  and  the  histories  of  such  cases,  reports  of  which 
are  by  no  means  nncommon,  belong  properly  to  psychology  ; 
as  they  are  undoubtedly  examples  of  that  morbid  desire  to 
excite  sympathy  and  interest  which  is  sometimes  observed, 
and  which  leads  to  the  most  adroit  and  persevering  efforts  at 
deception.' 

The  observations  of  Chossat  on  the  duration  of  life  in 
inanition  show  great  variations  in  the  different  classes  of 
animals.  In  experiments  on  birds,  chiefly  turtle-doves  and 
pigeons,  death  occurred,  on  an  average,  after  days  of 
complete  deprivation  of  food  and  drink.  In  Guinea-pigs 
and  rabbit*>,  the  same  observer  noticed  an  average  duration 
of  days.'  It  has  generally  been  noticed  that  life  is  more 
prolonged  in  carnivorous  tlian  in  herbivorous  animals.  In 

*  In  the  Social  Science  Review  and  Journal  of  Sciences^  London,  edited  by 
Dr.  B.  M.  Richardson,  we  find  the  following  note :  "  We  ourselves  knew  an  in- 
stance in  which  a  man  with  a  disordered  mind  refused  all  food  for  thirty  days ; 
after  a  short  return  to  food,  again  refused  for  thirty-six  days.  But  in  this  in- 
stance, on  the  second  occasion,  the  sufferer  died,  although  he  had  recommenced 
to  swallow  light  nourishment.    Ed.*'  (1864,  vol  i..  New  Series,  p.  180.) 

*  From  time  immemorial  the  credulous  have  periodically  been  startled  with 
reports  of  wonderful  cases  in  which  persons  (generally  females)  have  lived  for  an 
incredible  time  without  food.  A  curious  specimen  of  these  histories  is  an  ac- 
count of  the  case  of  a  girl,  ten  years  of  age,  who  lived  without  food  and  drink, 
and  in  whom  development,  &c.,  seemed  to  be  normal.  This  was  testified  to  by  « 
learned  physician,  in  1542.  {De  puella,  qiuB  sine  cibo  et  potu  vitam  tramngit^ 
brevis  narraiio^  tenie  et  aucfore  Gerardo  Bucoldiano  Physico  Regio,  P:irisii8, 
Ex  officina  Rob.  Stephani  typographi  Regii,  M.D.XLIL 

*  Op,  cU.,  p.  31. 
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one  of  the  dogs  experimented  npon  by  CoUard  de  Martigny, 
death  occurred  on  the  thirty-fifth  day,  and,  in  another,  on 
the  twenty-seventh  day.  The  average  duration  of  life  in 
rabbits  was  from  ten  to  twelve  days.*  Leuret  and  Lassaigne 
observed  that  d#gs,  kept  in  a  warm  and  dry  place,  lived,  on 
an  average,  thirty  days  without  food  or  drink.  A  dog  that 
was  kept  in  a  dark  and  damp  place  lived  for  forty  days.' 
From  thirty  to  thirty-five  days,  therefore,  may  be  taken  as 
the  average  duration  of  life  in  dogs  deprived  entirely  of  food 
and  drink.  This  fact  it  is  important  to  bear  in  mind  in  con- 
nection with  observations  on  the  nutritive  value  of  different 
articles  of  food. 

Chossat  states,  as  the  result  of  his  observations,  that  the 
duration  of  life  in  inanition  being  equal  to  the  total  loss  of 
weight  divided  by  the  average  daily  loss,  in  adult  animals  it 
is  equal  to  of  the  weight  of  the  body  divided  by  the  av- 
erage daily  loss.*  This  formula  is  highly  important  in  a 
practical  point  of  view ;  for,  in  conditions  of  the  system  in 
which  inanition  is  threatened,  it  is  easy  to  estimate  the  prob- 
able duration  of  life  (if  we  fear  that  death  may  occur  from 
inanition  alone),  by  dividing  the  total  loss  of  weight  which 
will  probably  produce  death,  by  the  average  daily  loss ;  and 
any  Aing  which  will  diminish  the  average  daily  loss,  we  maj 
reasonably  suj^ose  will  retard  the  fatal  termination. 

Insufficient  Alimentation. — When  alimentation  is  re- 
duced below  the  standard  at  which  life  can  be  maintained, 
whether  it  be  from  diminished  quantity  or  improper  quality  of 
food,  the  phenomena  are  very  much  like  those  which  follow 
complete  abstinence ;  and,  curiously  enough,  experiments  on 
animals  have  shown  that  death  takes  place  when  the  weight 
is  reduced  by  about  the  same  proportion  as  in  absolute  in- 

>  Loccii, 

*  Leubr  et  Lassjlionx.  Rechercha  Physiologiques  et  Chimiquet  pour  servir 
d  VHUUnre  de  la  Dtgntion.    Paris,  1826,  p.  210. 

*  Chossat,  op.  ct/.,  p.  84. 


nutrition,  Ufider  these  circumstatieed,  the  amoirnt  of  food 
which  IS  tuken  diminishee,  more  or  leas^  the  pFO]K>rtionata 
daily  Vm  of  weight,  and  thus  retanls  the  fatal  result 

The  eflects  of  iiiBufficient  almientatian  in  man  have  often 
been  ohserred  in  times  of  famine ;  the  &ad  detaik  of  which 
hare  been  given  in  graphic  accounts  bj  Yarions  Em^pean 
writei's.  The  hi&tory  of  our  own  comitry  during  the  late  civil 
war  affords  an  exarapley  the  most  appalling  on  record  in  any 
country  and  in  any  ^e,  of  the  sufferings  of  thirty  thousand 
men  exposed  within  an  area  of  twenty-seven  acres  to  the  ef- 
fects of  insuftit'ient  diet,  conjoined  with  exposnrej  without 
protection^  to  the  vicistiitudes  of  the  weather,  and  the  frightfiil 
filth  and  other  inevitable  results  of  such  excessive  crowding. 

In  a  report  by  Prof,  EOeralio  Wallace^  of  Philadelphia, 
to  Prof.  Yaleutine  Mott,  the  chainnan  of  a  committee  ap 
pointed  by  the  United  States  Sanitary  Commissioa  to  in- 
quire into  the  condition  of  United  States  officers  and  soldiery 
prisoners  of  waTj  the  following  is  given  as  the  average  diet 
in  Southern  prisoTis ; 

"  The  meat  was  irregularly  given ;  not  often  daOy,  and 
to  some  only  at  intervals  of  daysj  or  even  several  weeks,  and 
when  meat  was  served,  the  bread  was,  in  many  instancee^ 
diminishedp 

About  half  a  pint  of  soup,  contaimng  e^i*eet  potatoes,  or 
generally  beans  or  peas,  in  amount  about  two  ounces,  waa 
eometinies  given,  with  or  without  meat  in  different  caseew 
The  beans  and  peas  were  occasionally  given  raw  and  dry* 

"  The  maximum  amount  of  solid  food  for  one  day,  de* 
scribed,  was      ,      .       *       .      .      .       10  oz.  bread. 

6  02.  beef. 

Witli  half  a  pint  of  soup  made  of  the  wa- 
ter in  which  the  beef  wm  boiled,  and  contain- 
ing about  two  ounces  of  beans  or  peas,  and 
tlierefore  representing       ....        2  oz. 


"Total,  .      -  ISoz 
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"  The  minimum  amount  was  about   .      .   4  oz.  bread. 

1  oz.  beef. 

"Total,      .      .  5oz."» 

AfiBtmiing  the  amount  of  solid  food  required  to  keep  tho 
BjBtem  of  an  adult  male  in  proper  condition  to  be  from  thirty 
to  forty  ounces,  it  is  seen  that  even  the  maximum  amount 
above  given  is  so  far  insufl5cient  for  the  purposes  of  nutri- 
tion, that  death  from  inanition  must  result,  sooner  or  later, 
in  the  majority  of  instances.  This  is  assuming  that  the  food 
be  of  proper  quality ;  while  the  testimony  taken  by  the 
commission  showed  that  the  quality  was  always  inferior, 
generally  disgusting,  and  that  no  variety  of  diet  was  af- 
forded. 

The  effects  of  insufficient  food  upon  the  power  of  resist- 
ing cold  was  one  of  the  most  marked  phenomena.  Even. in 
the  mild  climate  of  the  South,  frost-bite  and  gangrene  of  the 
extremities  were  very  frequent.  These  occasional  results, 
taken  in  connection  with  the  extreme  emaciation,  the  pecu- 
liar mental  condition,  etc.,  which  go  to  make  up  the  general 
'aspect  of  inanition,  presented  a  picture  more  distressing  than 
can  well  be  imagined.  The  description  by  De  Meersman  of 
the  famine  in  Belgium  in  1846  and  '47,  though  it  may  seem 

*  Narration  of  Privations  and  Sufferings  of  United  Stales  Officers  and  Sol' 
durs  tehiU  Prisoners  of  War  in  the  hands  of  the  Rebel  AtUhoriiies,  Being  the 
Report  of  a  Commission  of  Inquiry,  appointed  by  tJie  United  Slates  Sanitary 
Commission.  With  an  Appendix  containing  the  Testimony.  Philadelphia,  1864, 
p.  111. 

The  commission  consisted  of  Valentine  Mott,  M.  D.,  LL.  D.,  Edward  Delafield, 
M.  D.,  Gouvemeur  Morris  Wilkins,  Esq.,  Ellerslie  Wallace,  M.  D.,  Hon.  J.  I.  Clark 
Hare,  and  Rev.  TreadweU  Walden.  The  statement  quoted  from  the  report  of 
Dr.  Wallace  was  corroborated  by  the  sworn  testimony  of  numerous  officers  and 
men  who  had  been  prisoners  of  war,  and  the  facts  were  admitted  by  many  of  the 
pnblic  authorities  directly  or  indirectly  in  charge  of  the  prisoners,  so  that  there 
can  be  no  doubt  of  their  general  accuracy.  (See  reports  and  testimony  of  sur- 
geons and  others  in  charge  of  priBoners,  in  the  trial  of  Henry  Wirtz.) 
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highly  colored,  must,  judging  from  the  experience  in  this 
country,  even  fall  short  of  the  reality.* 

"  What  was  striking  in  the  first  place,"  says  De  Meers- 
man,  "  during  the  famine  mentioned  above,  was  the  extreme 
emaciation  of  the  body,  the  livid  pallor  of  the  countenance, 
the  hollow  cheeks,  and,  above  all,  the  expression  of  the  eye, 
of  which  one  could  not  lose  the  remembrance  when  it  was 
once  seen.  There  was,  indeed,  a  strange  fascination  in  that 
eye,  in  which  all  the  vitality  of  the  individual  seemed  to  be 
contained,  which  glitters  with  a  feverish  light;  the  pupil, 
enormously  dilated,  is  fixed  upon  you  without  winking,  and 
with  an  interrogative  astonishment,  in  which  kindliness  is 
mingled  with  fear.  The  movements  of  the  body  are  slow  ; 
the  gait  is  uncertain ;  the  hand  trembles  ;  the  voice,  almost 
extinct,  is  tremulous.  The  intelligence  is  profoundly  afiect- 
ed  ;  answers  are  painful ;  memory,  in  the  majority,  is  almost 
lost.  Interrogated  concerning  the  sufferings  they  endure, 
these  unfortunates  answer  that  they  do  not  suffer  pain,  bul 
that  they  are  hungry  1 

"  The  breath  is  extremely  fetid ;  the  tongue  thin,  pointed, 
elongated,  tremulous,  almost  always  red;  the  point,  often, 
aphthous,  is  covered  with  a  yellowish  and  opaque  coating ; 
the  epigastrium  is  retracted,  and  the  skin  in  that  region  is,  so 
to  speak,  drawn  to  the  vertebral  column  ;  it  sometimes  hap- 
pens that  the  epigastrium  is  distended  by  meteorism ;  tlie 
touch  then  discovers  organic  engorgements  in  one  part  and 
another  of  the  abdomen.  Respiration  is  slow,  not  deep,  and 
ofl»n  interrupted  by  sighs.  The  pulse,  sometimes  very  fre- 
quent, sometimes  remarkably  slow,  is  easily  compressed,  of 
astonishing  smallness,  and  disappeara  under  the  finger.  The 
secretions  are  all  affected  by  the  alterations .  in  the  blood, 
which  is  their  common  source ;  but  above  all,  the  perspira- 
tion, which  is  greatly  modified.    The  skin  was  dry,  yellow, 

^  Dr.  Wallace  (loc.  cit.)  alludes  to  the  description  of  De  Meersman  as  giving 
a  **8ingul;irlv-accurate  description''  of  the  condition  of  exchanged  United  States 
noMiers. 
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resembling  parchment;  the  exhalation,  which  in  the  ordi- 
nary condition  takes  place  insensibly  from  the  entire  surface, 
is  effected  in  this  case  in  a  dry  way.  The  pores  of  the  skin 
gave  out  a  viscid  powder,  which,  accumulating  and  becoming 
concreted,  covered  the  body  with  a  blackish  crust,  pulveru- 
lent and  horribly  fetid."  * 

To  these  phenomena  may  be  added  occasional  perfora- 
tion of  the  cornea,  scorbutus  in  its  various  forms,  gangrena 
oris,  particularly  in  children,  disturbances  of  the  menstrual 
fimction,  and  abortion.  The  number  of  births  has  always 
been  observed  to  be  very  small  in  communities  suffering 
from  insufl5ciency  of  food. 

Through  the  kindness  of  Prof.  W.  H.  Van  Buren,  of  the 
United  States  Sanitary  Commission,  we  have  been  enabled 
to  make  use  of  a  MS.  report  to  the  Richmond  authorities 
(now  the  property  of  the  Commission)  on  the  condition  of 
United  States  soldiers,  prisoners  of  war  at  Andersonville,  by 
Prof.  Joseph  Jones,  of  Augusta,  Georgia.'  Dr.  Jones  is  well 
known  to  the  profession  as  the  author  of  several  physio- 
logical papers  of  interest  published  in  the  "  American  Jour- 
nal of  Medical  Sciences,"  and  by  the  Smithsonian  Institute. 
From  a  perusal  of  this  report,  and  from  the  scientific  position 
and  ability  of  its  author,  we  are  convinced  that  it  is  an  ac- 
curate and  careful  statement  of  facts  observed  by  one  who 
had  every  opportunity  and  facility  for  full  investigation. 
Thongh  the  investigations  were  made  chiefly  with  reference 
to  the  diseases  which  prevailed  among  these  unfortunate 
men,  as  regards  many  physiological  points,  it  is  the  most 

*  De  Meebsman,  in  Lonokt,  jTnnte  de  phytiologie.  Parifl,  1868,  tome  i., 
p.  28. 

*  hwetHgationM  upon  the  Diseates  of  the  Federal  PrUoners  confined  in  Canip 
Stimpler^  AndenonmUe^  Ga.^  intiituted  with  a  view  to  illustrate  chiefltf  the  Griffin 
and  Causes  of  ffotpiial  Gangrene^  the  JRelaiions  of  Continued  and  Malarial  Fe- 
vert,  and  the  Pathology  of  Camp  Diarrhoea  and  Difseniery.  By  Joseph  Jones, 
If .  D.,  Professor  of  Medical  Chemistry  in  the  Medical  College  of  Georgia,  at  Au- 
gusta, and  formerly  Surgeon  in  the  Provisional  Army  of  the  Confederate  States 
In  three  volumes,  Manuscript.    Augusta,  Ga.,  1866-^66. 
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complete  6<;ieiitific  Li&tory  of  inanition  ever  written,  deduct 
from  data  wldch  are,  and  proliaLly  alwayii  will  be,  unpar- 
alleled in  magnitude*  The  pathological  questions  will  be 
fall  J  considered  in  one  of  the  volimies  on  the  Me^licul  and 
Surgical  History  of  tlie  Rebellion,  now  in  course  of  prep- 
aration under  the  direction  of  the  Comniiasion  ;  and  in  this 
connection  J  will  be  considered,  generally  in  the  author's  own 
wordss,  the  points  which  bear  mainly  on  the  eifects  of  insut- 
ticient  alimentation,  though  the  other  circumstances  under 
which  the  prisoners  were  placed  must  nece-sEarily  be  taken 
into  account. 

The  following  extract  from  an  official  report  by  Dr. 
Jone^j  dated  October  10^  1804,  gives  an  idea  of  the  sanitary 
condition  under  which  the  prisoners  were  placed  : 

Immediately  after  the  brief  report  upon  hospital  gan- 
grene had  been  forwarded  to  the  surgeon-general,  I  re- 
paired to  Camp  Sumpter,  Anderaonville,  Georgia,  and  ingti* 
tuted  a  series  of  investigations  upon  the  diseases  of  the 
Federal  prieonens. 

The  field  was  of  great  extent  and  of  extraordinary  in- 
terest There  were  more  than  five  thousand  (5,000)  seriously 
sick  in  the  hospital  and  stockade,  and  the  deaths  ranged 
from  ninety  to  one  hundred  and  thirty  each  day.  Since  the 
establii^hment  of  this  priscm,  on  the  24tli  of  February^  1864, 
to  the  present  time,  over  ten  thousand  Federal  prisoners  have 
died :  that  is,  near  one-third  of  the  entire  number  have  per- 
ished in  less  than  seven  months,  I  instituted  careful  investi- 
gations into  tbe  condition  of  the  eick  aTid  weU,  and  [)er- 
Ibnncd  numerous  post-mortem  examinations,  and  executed 
drawings  of  the  diseased  Etrictures.  The  medical  topography 
of  Anderson ville  and  the  surrounding  country  vthe  exam* 
iiied,  and  the  watiere  of  the  streams,  springs,  and  wells 
around  and  within  the  stockade  and  hospital  carefully 
analyzed. 

Dianiioca,  dysentery,  scurvy,  and  hoBpital  gangrene 
were  the  diseases  which  have  been  the  main  canse^i  of  the 
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extraordinary  mortality.  The  origin  and  causes  of  the  hos- 
pital gangrene  which  prevailed  to  so  remarkable  a  degree, 
and  with  such  fatal  effects  amongst  the  Federal  prisoners, 
engaged  my  most  serious  and  earnest  consideration.  More 
than  thirty  thousand  men  crowded  upon  twenty-seven  acres 
of  land,  with  little  or  no  shelter  from  the  intense  heat  of  a 
Southern  smnmer,  or  from  the  rain  and  dew,  with  coarse 
corn-bread  from  which  the  husk  had  not  been  removed,  with 
scant  supplies  of  fresh  meat  and  vegetables,  with  little  or  no 
attention  to  hygiene,  with  festering  masses  of  filth  at  the 
very  doors  of  their  rude  dens  and  huts,  with  the  greater  por- 
tion of  the  banks  of  the  stream  flowing  through  the  stock- 
ade a  filthy  quagmire  of  human  excrements  alive  with  work- 
ing maggots: — generating  by  their  own  filthy  exhalations 
and  excretions  an  atmosphere  that  so  deteriorated  and  con- 
taminated their  solids  and  fluids,  that  the  slightest  scratch 
of  the  surface,  even  the  bites  of  small  insects,  were  fre- 
quently followed  by  such  rapid  and  extensive  gangrene,  as 
to  destroy  extremities  and  even  life  itself.  A  large  number 
of  operations  have  been  performed  in  the  hospital  on  account 
of  gangrene  following  slight  injuries  and  mere  abrasions  of 
the  surface.  In  almost  every  case  of  amputation  for  gan- 
grene, the  disease  returned,  and  a  large  proportion  of  tlie 
cases  have  terminated  fatally.  I  recorded  careful  observa- 
tions upon  the  origin  and  progress  of  these  cases  of  gan- 
grene, and  examined  the  bodies  after  death,  and  noted 
the  pathological  changes  of  the  organs  and  tissues.  All 
these  observations,  together  with  the  drawings,  will  be 
forwarded  to  the  surgeon-general,  at  the  earliest  possible 
moment."  * 

In  vol.  i.,  p.  213,  Dr.  Jones  gives  the  ration  of  tlie  pris- 
oners. This  was  probably  the  regular  ration,  which  was 
undoubtedly  lessened  at  times,  for  the  evidence,  taken  by 
the  committee  appointed  to  investigate  the  condition  of 

*  Report^  vol.  i.,  Preface,  pp.  12,  18. 
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exchanged  prisoners  shows  that  the  average  was  much 
less.* 

"  Uh^  Diet. — ^The  ration  consists  of  ^Ib.  bacon,  1  Jib.  meal. 
The  meal  is  mibolted,  and  when  baked,  the  bread  is  coarse 
and  irritating,  producing  diseases  of  the  organs  of  the  diges- 
tive system  (diarrhoea  and  dysentery).  The  absence  of  ve- 
getable diet  has  produced  scurvy  to  an  alarming  extent, 
especially  among  the  old  prisoners." 

The  following  extracts  show  the  effects  of  this  insufficient 
diet  upon  the  constitution  of  the  blood,  upon  the  appetite, 
and,  what  is  most  mournfully  interesting,  upon  the  intellec- 
tual faculties : 

"  5th.  From  the  sameness  of  the  food  and  from  the 
action  of  the  poisonous  gases  in  the  densely-crowded  and 
filthy  stockade  and  hospital,  the  blood  was  altered  in  its 
constitution,  even  before  the  manifestation  of  actual  disease. 

"  In  both  the  well  and  the  sick,  the  red  corpuscles  were 
diminished ;  and  in  all  diseases  uncomplicated  with  inflam- 
mation, the  fibrinous  element  was  deficient.  In  cases  of  ulcer- 
ation of  the  mucous  membrane  of  the  intestinal  canal,  the 
fibrinous  element  of  the  blood  appeared  to  be  increased,  whilst 
in  simple  diarrhoea,  uncomplicated  with  ulceration,  and  de- 
pendent upon  the  character  of  the  food,  and  the  existence 
of  scurvy,  it  was  either  diminished  or  remained  stationary. 
Heart-clots  were  very  common,  if  not  universally  present,  in 
the  cases  of  ulceration  of  the  intestinal  mucous  membrane, 
whilst  in  the  uncomplicated  cases  of  diarrhoea  and  scurvy, 
the  blood  was  fluid  and  did  not  coagulate  readily ;  and  the 
heart-clots  and' fibrinous  concretions  were  almost  universally 
absent. 

"  From  the  watery  condition  of  the  blood,  there  resulted 
various  serous  effusions,  into  the  pericardium,  into  the  ventri- 
cles of  the  brain,  and  into  the  abdominal  cavity. 

"  In  almost  all  the  cases  which  I  examined  after  deatK 


*  See  page  84. 
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even  in  the  most  emaciated,  there  was  more  or  less  serous 
eflnsion  into  the  abdominal  cavity."  *  *  * — (Vol.  iii.,  p. 
150.) 

"  6th.  The  impoverished  condition  of  the  blood,  which 
led  to  effusions  within  the  ventricles  of  the  brain,  and 
around  the  brain  and  spinal  cord,  and  into  the  pericardial 
and  abdominal  cavities,  was  gradually  induced  by  the 
action  of  several  causes,  but  chiefly  by  the  character  of  the 
food. 

"The  Federal  prisoners,  as  a  general  rule,  had  been 
reared  upon  wheat  bread  and  Irish  potatoes ;  and  the  Indian 
com,  so  extensively  used  at  the  South,  was  almost  imknown 
to  them  as  an  article  of  diet,  previous  to  their  capture.  Owing 
to  the  impossibility  of  obtaining  the  necessary  sieves  in  the 
Confederacy,  for  the  separation  of  the  husk  from  the  com 
meal,  the  rations  of  the  Confederate  soldiers  as  well  as  of  the 
Federal  prisoners  consisted  of  unbolted  com-flour,  and  meal, 
and  grist;  this  circumstance  rendered  the  com  bread  still 
more  disagreeable  and  distastefid  to  the  Federal  prisoners. 
Whilst  Indian  meal,  even  when  prepared  with  the  husk,  is 
one  of  the  most  wholesome  and  nutritious  forms  of  food,  as 
has  been  clearly  shown  by  the  health  and  rapid  increase  of 
the  Southem  population,  and  especially  of  the  negroes,  pre- 
vious to  the  present  war,  and  by  the  strength,  endurance, 
and  activity  of  the  Confederate  soldiers,  who  were  through- 
out the  war  confined,  to  a  great  extent,  to  unbolted  corn- 
meal  ;  it  is  nevertheless  true,  that  those  who  have  not  been 
reared  upon  com  meal,  or  who  have  not  accustomed  them- 
selves to  its  use  gradually,  become  excessively  tired  of  this 
kind  of  diet  when  suddenly  confined  to  it  without  a  due 
proportion  of  wheat  bread.  Large  numbers  of  the  Federal 
prisoners  appeared  to  be  utterly  disgusted  with  Indian  com, 
and  immense  piles  of  com  bread  could  be  seen  in  the  stock- 
ade and  hospital  enclosures.  Those  who  were  so  disgusted 
with  this  fonn  of  food  that  they  had  no  appetite  to  partake 
of  it,  except  in  quantities  insuflScient  to  supply  the  waste  of 
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the  tiisues,  were  of  counse  in  the  condition  of  men  alowlj 
8tar\iiig5  notwithstanding  that  the  only  farinaceous  form  of 
iVnjd  which  the  Confederate  States  produced  in  sufficient 
abundance  for  tlie  mdntenance  of  armiea,  wa^  not  withheld 
from  them.  Iti  sucli  cases  an  urgent  feeling  of  hunger  was 
not  a  prominent  sjmptoni ;  and  even  when  it  existed  at  first, 
it  soon  disappeared,  and  was  succeeded  by  an  actual  loathing 
of  food.  In  this  state  the  muscular  strength  was  rapidly 
diminished^  the  tissues  wasted,  and  the  thin,  Bkeleton-lifce 
tbnns  moved  about  with  the  appearance  of  utter  exliaustion 
and  dejection.  The  mental  condition^  connected  with  long 
C5onfineraentj  witli  the  mo&t  miserable  surroundings  and  with 
no  hope  for  the  futm^Cj  also  depr^^ed  all  the  nerv'ous  and 
Tital  actional,  and  was  especially  active  in  destroying  the 
appetite.  The  effects  of  mental  depression  and  of  defective 
nutrition  were  manifested  not  only  in  tlie  slow,  feeble  motions 
of  the  wasted,  skeleton-like  forms,  but  also  in  such  lethai^% 
listleasness,  and  torpor  of  the  mental  faculties,  as  rendered 
tlieae  unfortunate  men  obHrious  and  indifferent  to  their 
afflicted  condition.  In  many  cases^  even  of  the  gi*eatest 
apparent  suffering  and  distressj  instaad  of  showing  any 
anxiety  to  communicate  the  causes  of  their  distress,  or  to 
relate  their  privations  and  their  longings  for  their  homes  and 
their  friends  and  rclationsj  they  lay  in  a  listless,  lethargic, 
uncomplaining  state,  taking  no  notice  either  of  their  own 
distressed  condition  or  of  the  gigantic  mass  of  human  mis- 
ery by  which  they  were  surrounded.  Kothing  appalled 
and  depre^d  me  m  much  m  this  silent,  nneomplaining 
misery. 

It  is  a  fact  of  great  interest  that,  notmthstanding  this 
defective  nutrition  in  men  subjected  to  crowding  and  filthy 
contagious  fevers  were  rare,  and  typhus  fever,  which  is  sup- 
posed to  be  generated  in  just  sncb  a  state  of  things  as  existed 
at  Andersonvillej  was  unknown.  These  facta,  established  by 
my  investigations,  stand  in  striking  contrast  with  sneh  a 
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statement  as  the  following,  by  a  recent  English  writer.*  (V ol. 
iii.,  pp.  151-155.) 

*  Dr.  Jones  states  in  another  part  of  his  report  (vol.  ii.,  p.  14),  that  but  a 
comparatirely  small  number  of  the  Federal  prisoners  were  affected  with  malarial 
fever,  and  the  deaths  fh)m  this  disease  amounted  to  but  a  small  fraction  of  the 
deaths  from  all  causes ; "  and  again  it  is  stated  (p.  41),  that  the  comparative 
immmiity  from  malarious  disease  among  the  Federal  prisoners  is  still  further 
shown  by  the  small  number  of  cases  of  neuralgia  entered  upon  the  sick  reports : 
amongst  the  large  body  of  Federal  prisoners,  with  a  mean  monthly  strength  of 
21,120,  only  38  cases  of  neuralgia  were  reported  during  a  period  of  six  months.*' 
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General  considemtions — Division  of  alimentary  principles — Nitrogenized  alimen»> 
ary  principles — Musculine— Albomen — Caseine— Fibrin — Gelatine  and  Chon- 
drine — ^Vegetable  albumen,  fibrin,  and  caseine— Glaten — Non-nitrogenized 
alimentary  principles  —  Sugar  —  Starch  —  Vegetable  principles  resembling 
starch — ^Fats  and  oils — Inorganic  alimentary  principles — Water — Chloride  of 
sodium — ^Phosphate  of  lime — ^Iron. 

Under  the  name  of  aliment,  in  its  widest  signification,  it 
is  proposed  to  include  all  articles  composed  of,  or  containing 
elements  in  a  form  which  enables  them  to  be  used  for  the 
nourishment  of  the  body,  either  by  being  themselves  appro- 
priated by  the  organism,  by  influencing  favorably  the  gen- 
eral process  of  nutrition,  or  by  retarding  disassimilation. 
Those  principles  which  are  themselves  appropriated  may  be 
called  direct  aliments ;  and  those  which  simply  assist  nutri- 
tion without  contributing  reparative  material,  together  with 
those  substances  which  retard  disassimilation,  may  be  termed 
accessory  aliments.  By  this  definition  of  aliment,  nothing 
is  excluded  which  contributes  to  nutrition.  The  air  must 
be  considered  in  this  light,  as  well  as  water  and  all  articles 
which  are  commonly  called  drinks. 

In  the  various  articles  used  as  food,  nutritious  elements  are 
frequently  combined  with  each  other  and  with  indigestible 
and  non-nutritious  principles.  The  elements  of  the  food 
which  are  directly  used  in  nutrition  are  the  real  alimentary 
principles,  embracing,  thus,  only  those  principles  which  are 
capable  of  absorption  and  assimilation.  The  ordinary  food 
of  the  warm-blooded  animals  contains  alimentary  principles. 


lOTBOOENIZED  ALIMENTABY  FKINCIPLES. 


45 


Diiited  with  innutritious  gubBtances  from  which  they  are  sep- 
arated in  digestion.  This  necessitates  a  complicated  digestive 
apparatus.  In  some  of  the  interior  animals,  the  quantity  of 
nutritious  material  forms  so  small  a  part  of  die  food,  that  the 
digestive  apparatus  is  even  more  complicated  than  in  the 
human  subject.  This  is  especially  marked  in  the  herbivora, 
the  flesh  of  which  forms  an  important  part  of  the  diet  of 
ttian.  In  addition  to  what  are  distinctly  recognized  as  ali- 
mentary principles,  food  contains  many  substances  having 
an  important  influence  on  nutrition,  which  have  never  been 
isolated  and  analyzed,  but  which  render  it  agreeable  and 
give  to  the  diet  that  variety  which  the  system  imperatively 
demands.  Many  of  these  principles  are  developed  in  the 
process  of  cooking.  They  will  be  considered,  as  far  as  prac- 
ticable, in  connection  with  the  different  articles  of  diet. 

The  alimentary  principles  belong  to  the  inorganic,  vege- 
table, and  animal  kingdoms,  and  are  generally  divided  into 
the  following  classes :  * 

1.  Organic  nitrogenized  principles  (albumen,  fibrin,  ca- 
aeine,  musculine,  etc.),  belonging  to  the  animal  kingdom ; 
and  v^table  nitrogenized  principles,  such  as  gluten  and 
l^umine. 

2.  Organic  non-nitrogenized  principles  (sugars,  fats,  and 
starch). 

3.  Inorganic  principles. 

Nitrogenized  Alimentary  Princijplea. 

In  the  nutrition  of  certain  classes  of  animals,  these  prin- 
ciples are  derived  exclusively  from  the  animal  kingdom,  and  in 
others,  exclusively  from  the  vegetable  kingdom ;  but  in  man, 
who  is  onmivorous,  both  animals  and  vegetables  contidbute 
nitrogenized  material.  In  both  animal  and  vegetable  food, 
these  principles  are  always  found  combined  with  inorganic 

'  Incrganic  and  animal  substances  have  already  been  considered  in  treating 
of  prozimate  prinnples  (see  rol.  i.,  Introduction). 
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matters  (water,  ckloiide  of  sodiimi,  the  pliosptiates,  sulphates, 
etc*)|  and  frequently  with  non-nitrogenized  principles  (sngaTi 
starch,  aad  fat), 

Mitaculine, — Of  the  different  nitrogenized  principled  used 
as  food,  miL^culine^  alhiimen^  caieine^  and  iibrin  are  the  most 
important.  Musculine,  the  organic  principle  which  forms  the 
bulk  of  the  muBcular  eabatance,  esclii<iing  the  areolar  ti^ao 
which  binds  the  fibres  together  and  the  ^reolemma^  is  per- 
haps the  most  important  and  abmidant  article  of  thid  class* 
This  gnbstaiice  is  considered  by  Bome  as  identical  with  the 
fibrin  of  the  blood ;  but  it  presents  many  points  of  difference 
which  warrant  us  in  regarding  it  as  a  distinct  principle.  It 
is  always  imited  with  more  or  less  inoiganie  matter,  which 
cannot  be  scpurated  without  incineration.  The  fle&h  of  dif- 
ferent animals  presents  wide  differences  in  general  appear- 
ance, in  nutritive  propertic^j  and  in  flavor,  which  become 
more  marked  after  the  formation  of  the  odorouB  empyreu- 
matic  substances  which  are  developed  in  cooking ;  but  the 
organic  principle  of  all  of  them  is  musculine-  Muscular 
tissue  ia  rendered  much  mcfre  digestible  by  cooking — a  pro- 
cess which  serves  to  disiTitegrate,  to  a  certain  extent,  the 
interninscular  areolar  tissue^  and  Ikcilitate  the  action  of  tlia 
digestive  fluids.  The  savors  developed  in  this  process  have 
a  decidedly-favorable  influence  on  the  secretion  of  the  gaatria 
juice-  It  is  doubtful  whether  pure  mnseuline  would  be  ca- 
pable of  supporting  life  for  a  long  period ; '  but  the  muscular 
tissue  has  been  shown  by  experiment  to  be  sufficient  for  the 
purposes  of  nutrition,  in  the  camivora^  and  it  tuidoubtedly  is 
in  man, 

*  In  the  ppport  of  the  "  Geltliae  Ckmunuson  **  to  the  nisdtute  of  Fmtice,  la 
1841  (M.  Magendic,  reportof),  It  w&b  ahovra  ihat  dogs  fed  on  meat  which  bad  been 
Autjeeted  to  protoiiged  boitiag  ft&d  anerwArd  from  fat  hy  bdug  pressed 
En  paper,  tM^came  emaciated,  and  would  Lavc  died  of  loamljoa  if  the  eiperimeat 
liad  t>aeD  pei^bled  la,  Bui  tbLa  eip^rimctit  is  not  entin^j  coucltisire,  m  tnuch 
of  the  nu  trill  re  pnndpk  of  the  muscuUne  niuj^t  have  been  ftitncted  b^  tKiUiog. 
{C^mpttM  Hmdm,  Fm&,  IMl,  tome  liil,  p«  275.) 
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Of  all  kinds  of  muscular  tissue,  beef  possesses  the  greatest 
nutritive  power.  Other  varieties  of  flesh,  even  that  of  birds, 
fishes,  and  animals  in  a  wild  state,  do  not  present  an  ap- 
preciable difference,  as  far  as  can  be  ascertained  by  chemical 
analysis ;  but  when  taken  daily  for  a  long  time,  they  become 
distasteful,  the  appetite  fails,  and*  the  system  seems  to  de- 
mand a  change  of  diet.  The  flesh  of  carnivorous  animals  is 
rarely  used  as  food ;  and  animals  that  feed  upon  animal  as 
well  as  vegetable  food,  such  as  pigs  or  ducks,  acquire  a  dis- 
agreeable flavor  when  the  diet  is  not  strictly  vegetable. 

Of  the  various  methods  which  have  been  employed  for 
the  preservation  of  meat,  salting,  which  is  the  most  common, 
has  the  most  unfavorable  influence  on  its  nutritive  properties. 
Experience  has  shown  that  salted  meat  is  much  less  nutri- 
tious than  fresh,  and  the  gravest  effects  on  the  nutrition  of 
the  body  have  followed  its  prolonged  use  as  the  principal 
article  of  diet.  It  has  also  been  ascertained  chemically, 
that  brine  extracts  from  the  muscidar  tissue  much  of  its 
nutritive  principle. 

Albumen. — ^This  is  an  alimentary  principle  hardly  second 
in  importance  to  musculine.  As  an  article  of  diet,  it  is 
chiefly  found  in  the  white  of  egg,  where  it  exists  in  great  quan- 
tity, and  is  combined  with  a  variety  of  inorganic  substances. 
Though  an  important  alimentary  principle,  it  cannot  meet 
all  the  nutritive  requirements  of  the  organism.  Numerous 
observations  on  the  inferior  animals  have  shown  that  pure 
albumen,  other  alimentary  principles  being  excluded,  will 
not  sustain  life.*  The  egg  of  the  fowl,  however,  containing, 
in  addition  to  albumen,  a  large  quantity  of  inorganic  mat- 
ter, the  fatty  matter  of  the  yolk,  and  other  organic  prin- 
ciples, is  a  most  nutritious  article  of  food.  Albuminoid 

^  Magendie  has  shown  that  dogs,  fed  exclusiTelj  upon  cheese,  or  upon 
hard-boi^  ^gS^t  suffer  from  deficient  nutrition,  though  they  will  live  on  this 
diet  for  a  long  time.   {PrScU  SUmerUaire  de  physioloffie^  Paris,  1836,  tome  ii., 

P-«»)  86 
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matters  are  great  nutritive  nitrogen ized  principles  of  the 
blood,  and  are  the  substances  Into  which  all  the  principltsss 
of  this  clnss  which  e^tist  in  Ibod  are  converted  before  thej 
are  applied  to  the  nutrition  of  the  tissuee, 

Casmne. — ^At  a  eertajn  period  of  life  this  constitTiteB  es- 
sentially  the  sole  nitrogejiized  article  of  food.  It  k  found  only 
in  milkj  and  it  exists  largely  in  the  great  T&iiety  of  ebeeges 
which  are  manufactured  from  milt.  In  addition  to  caseine^ 
milk  contains  bntterj  sugajj  and  a  variety  of  inorganic  prin- 
eiplee ;  and  is  capable  of  supplying  material  for  the  nourish- 
ment of  all  partis  of  the  organism^  easeine  supplying  the  nitro- 
genized  principle.  In  the  form  of  cheese,  canine  constitutes 
an  important  article  of  food. 

Fihrhu — Fibrin  h  by  no  means  so  important  an  article 
of  diet  as  those  just  considered,  and  it  very  seldom  forms  any 
cansiderable  part  of  our  food.  The  same  may  be  said  of 
iOtne  other  principles  of  this  class,  such  as  globuHno,  which 
is  the  oi^anic  principle  of  the  blood-corpuscle© ;  ntelline,  a 
principle  peculiar  to  the  yolk  of  the  egg ;  osteine  and  car- 
tilaginc.  The  two  latter  substancea  are  generally  taken  after 
they  have  undergone  peculiar  modifications  in  cooking,  when 
they  ai-e  known  by  otlier  names. 

Gelatine  and  Chmidrim, — After  prolongetl  boiling,  the 
organic  principles  of  tlie  hones,  integuments,  areolar  ti^oe, 
tendons,  and  other  fitructures  composed  of  the  white  fibrous 
tiM^ue,  are  dissolved  and  transformed  into  a  new  suhstanoe, 
which  is  called  gelatine^  Cartilage^  treated  in  the  same 
way,  is  in  great  part  converted  into  cliondrine.  These  two 
suhi^tancee  are  artificial  products,  and  therefore  were  not 
considered  in  treating  of  the  proximate  principles  of  the 
organism.' 

Tlie  principles  thus  formed  are  soluble  in  hot  water, 

^  ^  TOl*  I,  niirodiietiOti. 
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rendering  it  slightly  viscid,  but  on  cooling,  the  whole  mass 
becomes  of  a  more  or  less  gelatinous  consistence,  according 
to  the  quantity  of  gelatine  that  is  present.  A  considerable 
quantity  of  inorganic  matter,  particularly  phosphate  of  lime, 
is  always  present  in  combination  with  gelatine. 

Gelatine  and  chondrine  present  slight  differences  as  re- 
gards their  chemical  reactions,  in  other  respects  being  nearly 
identical.  The  sulphate  of  alumina,  alum,  and  the  sulphate 
of  iron,  will  precipitate  chondrine,  but  have  no  influence  on 
a  solution  of  gelatine.  Tannin,  or  infusion  of  galls,  added 
to  a  solution  of  gelatine,  produces  a  brownish  precipitate. 
This  reaction  is  marked  in  a  solution  containing  but  one 
part  of  gelatine  to  five  thousand  of  water.  Both  gelatine 
and  chondrine  are  of  indefinite  chemical  composition  and 
uncrystallizable.*  By  the  action  of  sulphuric  acid,  gelatine 
is  transformed  into  a  crystallizable  substance  called  glyco^ 
colle,  which  has  a  sweetish  taste,  is  soluble  in  water  and 
insoluble  in  alcohol  and  ether.  According  to  some,  this  is 
capable  of  being  separated  into  alcohol  and  carbonic  acid 
by  fermentation.' 

A  great  deal  of  interest  was  at  one  time  attached  to  gela- 
tine as  an  article  of  food,  from  the  fact  that  it  is  formed  and 
extracted  from  parts,  particularly  the  bones,  which  were 
before  regarded  as  comparatively  useless.  Indeed,  the  ex- 
periment of  diminishing  the  quantity  of  meat,  and  supplying 
in  its  place  the  extract  of  bones,  was  made  in  several  hospi- 
tals and  manufacturing  establishments  in  France ;  but  this 
change  in  diet  led  so  universally  to  complaints  of  insufficien- 
cy of  food,  that  experiments  were  soon  instituted  with  a  view 
of  determining  whether  gelatine  really  possessed  any  nutritive 
power.  "Without  entering  upon  a  full  discussion  of  these  exper- 

'  The  formulsB  generally  given  for  these  two  substances  are:  Gelatine,  C,s 
HitOtXs,  and  Chondrine,  CaaHscOMN^;  but,  as  remarked  by  Longet,  these 
fonnoke  are  very  uncertain.  Chondrine  is  supposed  by  some  (Mulder,  Robin)  to 
Qontain,  in  addition,  a  little  sulphur. 

•  Lo5Grr,  Traite  de  pltysiologie,  Paris,  1868,  tome  i.,  p.  Vo,  note. 
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iraents,  it  may  be  stated  that  the  introdnction  of  gehitine  aa 
an  article  of  diet,  to  the  exclusion  of  other  principles  which 
were  known  to  be  nutritive,  was  always  followed  by  loea  of 
weight  and  the  indications  of  more  or  less  defective  nutri- 
tion. In  other  words,  the  introduction  of  gelatine  did  not 
permit  any  diminution  in  the  quantity  of  ordinary  articles 
of  food.  The  whole  question  was  finally  settled  by  the 
researches  of  Magendie,  the  reporter  of  the  committee  on 
gelatine,  in  1841.  This  report  embodied  the  results  of 
numerous  experiments  on  the  effects  of  various  nitrogenized 
principles ;  but  the  conclusions  with  regard  to  gelatine  were, 
that  taken  alone  it  was  distasteful  in  the  highest  degree, 
even  to  animals  on  the  verge  of  starvation ;  and  that  even 
the  agreeable  jelly  formed  of  different  parts  of  the  pig  and 
the  giblets  of  fowl,  prepared  by  the  charcuUera  of  Paris, 
at  first  taken  by  the  animals  with  apparent  satisfaction,  was 
refused  after  a  few  days ;  and  when  animals  were  confined 
exclusively  to  this  article,  death  took  place  about  the  twen- 
tieth day,  with  all  the  symptoms  of  inanition.* 

The  flavor  of  meat  was  formerly  supposed  to  depend 
chiefly  on  a  peculiar  principle,  called,  by  Th^nard,  osma- 
zome.  This  name  is  now  seldom  used,  as  the  substance 
which  was  so  called  is  known  to  be  composed  of  various  em- 
pyreumatic  nitrogenized  products,  with  lactic  acid,  the  lac- 
tate of  soda,  the  inosate  of  potash,  creatine,  creatinine,  and 
other  principles,  the  nature  of  which  has  not  been  deter- 
mined. 

Most  of  the  vegetable  articles  of  food  contain  more  or 
less  of  nitrogenized  principles  which  resemble  very  closely 
their  analogues  in  the  animal  kingdom.  Some  of  these  v^e- 
table  principles  resemble  those  above  considered  so  closely 
that  they  have  been  called  respectively,  vegetable  albumen, 
fibrin,  and  caseine.  They  all,  however,  present  certain  dis- 
tinguishing peculiarities. 

'  Maoendis,  Rappwrt  fait  d  VAcadhnie  dea  Seiencetau  nam  de  la  CommMam 
(kU  de  la  Gelatine. — CompUt  Rendut^  Paris,  1841,  tome  xiii.,  p.  254. 
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Vegetable  Albumen. — ^In  the  juice  of  most  vegetables 
which  are  used  as  food,  is  fouud  a  substance,  ooagulable  by 
heat  and  by  alcohol,  and  having  the  same  composition  as 
ordinary  albumen,  with  the  exception  of  the  equivalents  of 
phosphorus  and  sulphur.  This  is  found  most  abundantly  in 
the  juice  of  turnips,  carrots,  cabbages,  and  vegetables  of  this 
dass.  In  wheaten  flour,  which  contains  nearly  all  classes  of 
alimentary  principles,  it  is  also  found,  but  in  small  quantity. 

There  is  every  reason  to  suppose  that,  as  nutritive  prin- 
ciples, vegetable  and  animal  albumen  are  nearly  identicaL 
Many  of  the  largest  and  strongest  animals  are  nourished  ex* 
dusively  from  the  vegetable  kingdom.  The  human  subject, 
and  many  of  the  inferior  animals,  may  be  nourished  at  will 
by  vegetable  or  by  animal  food.  There  is,  however,  always 
a  physiological  difference  in  the  various  nitrogenized  prin- 
ciples, which  is  not  appreciable  by  chemical  analysis.  The 
flesh  of  the  camivora,  when  used  as  food,  is  not  the  same  as 
the  flesh  of  the  herbivora ;  and  the  quality  of  meat  may  be 
modified  in  many  animals  by  changing  from  a  vegetable  to 
an  animal  diet.  Though  the  muscular  tissue  of  one  animal 
mav  be  used  for  the  nourishment  of  another,  the  flesh  of  an 
animal  thus  nourished  is  not  an  appropriate  food  for  man. 
We  should  live  upon  vegetable  'principles ;  taking  them  in 
part  directly,  and  in  part  indirectly,  or  after  they  have  been 
prepared  and  assimilated  by  animals.  As  a  rule,  the  nutri- 
tive principles  in  vegetables  are  relatively  less  abundant  than 
in  animal  food,  and  the  indigestible  residue  is  therefore 
greater ;  but  man,  and  even  the  carnivorous  animals,  may 
be  nourished  indefinitely  by  appropriate  articles  derived  from 
the  Y^etable  kingdom.  In  man,  however,  the  mental  and 
physical  vigor  is,  as  a  rule,  notably  impaired  by  a  strictly 
vegetable  diet. 

Vegetable  Fibrin  and  Caseine. — ^Many  of  the  vegetable 
juices  contain  a  spontaneously-coagulable  substance  which 
has  been  called  v^etable  fibrin.    This  is  particularly  abun- 


d&nt  in  the  cereaU*  What  lias  been  said  coiiceriiiiig  fibriji, 
m  an  alimentArj  principle,  is  applicable  to  t\m  Qubstauoa 
Its  proportion  in  vegetableB  Binall,  uiilega  we  consider  m 
vegetable  fibrin^  gluten,  one  of  the  moot  abundant  and  ini* 
portant  of  the  nutritive  prineipl€&  contained  in  ordinary 
flonr.* 

A  princij^le  may  be  extracted  from  beans,  pt^tie",  and 
other  vegetables  of  this  class,  which  is  thonght  by  inaiiv  to 
be  identical,  in  alt  respects,  with  caseine,  and  hm  been 
called  vegetable  caseine.  In  Longet  we  find  an  accoimt  of 
an  artiele  of  foml  called  taoifoo^  made  b)^  the  Chinese  out  of 
pea^i  which  is  apparently  identical  with  cheese**  The  peas 
are  reduced  to  a  pulp  by  boiling,  the  vegetable  caseine  iii  co- 
agulated by  rennet,  and  afterward  treated  in  the  game  way  as 
the  analogoua  substance  manufactnreii  from  milk.  Yegetable 
and  animal  caseine  have,  as  far  sis  we  know,  identical  phydo- 
lugieul  4"elations,  Yegetable  caseine  h  sometimes  called  legn- 
iniiie»  It  is  sparingly  soluble  in  water,  is  insoluble  in  alco- 
hol, Is  not  coagnlated  by  heat,  and  is  precipitated  by  the 
niineral  acids  and  some  of  the  mercurial  and  calcareous  mit^ 
It  is  dia^iolved  by  the  vegetable  acids/ 

Another  substance,  supposed  by  some  to  be  ideutical 
with  vegetable  c^^ine,  is  amandine.  This  is  found  widely 
distributed  in  the  Tegetable  kingdom^  but  it  hardly  presents 
point*  of  distinction  from  legumine,  snfBctent  to  mark  it  m 
a  distinct  principle. 

Gluteal, — In  Uiany  of  the  vt^getable  grains  known 
cereals,  there  exists,  in  variable  proportions,  a  higbly-nu: 
tive  nitrogenized  snbstance  called  gluten.    This  is  fonnd  in 
great  abundance  (trom  10  to  35  per  cent,)  in  wheat'  Its 

*  Glttt^?'^  k  a  cooapoiind  aikbat&Dce,  eontainloyg:  iMsreral  ilis^liQCl  tdiruenCary 
prLnelpba,  utir]  etmDoi  be  cott^rJer^  etrictlj  u  uimlogous  to  jtnlmol  fiUria, 

*  C(p,  fil.,  tome  i.,  |n  4*1, 

'  LiTTHi  KT  HoBr>^  DidioHmtirf  dt  mMttifu,  ram,  1STS|  Article,  U^u- 
«  PitnEiiiA,  CHI  #W  mtd  Bit*,   New  Toi  k,  m».   See  table  or  jiro- 
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proportion  in  other  grains  is  insignificant.  It  may  be  easily 
extracted  from  ordinary  wlieaten  flour,  by  kneading  under  a 
stream  of  water,  when  the  starch,  a  little  sugar,  vegetable 
albumen,  mucilage,  and  some  soluble  matters  are  removed, 
and  the  gluten  remains  in  the  form  of  an  adhesive,  elastic, 
grayish-white  mass.  Gluten  is  capable  of  acting  as  a  ferment, 
transforming  starch  first  into  dextrine,  and  then  into  sugar. 
It  is  the  substance  which  gives  the  peculiar  consistence  and 
porous  character  to  bread. 

The  nutritive  power  of  gluten  is  so  great,  and  it  con- 
tains such  a  variety  of  alimentary  principles,  that  dogs  are 
well  nourished  and  can  live  indefinitely  on  it  when  taken  as 
the  sole  article  of  food.  This  experiment  was  actually  made 
by  the  gelatine  committee ;  *  and  the  fact  will  be  easily  under- 
stood when  we  consider  that  it  is  a  compound  of  no  less  than 
three  distinct  nitrogenized  principles,  together  with  fatty  and 
inorganic  matters.  In  one  of  the  methods  of  treatment  of  dia- 
betes mellitus,  in  which  all  saccharine  and  amylaceous  mat- 
ters are  excluded  from  the  food,  it  has  been  found  diflBcult  to 
nourish  the  body  sufficiently  and  give  proper  variety  to  the 
diet  without  bread  ;  and,  under  these  circumstances,  the  use 
of  bread  composed  almost  exclusively  of  gluten  has  been 
highly  successful.  With  proper  care,  a  bread  can  be  made  in 
this  way  which  is  eminently  nutritive  and  not  unpalatable.' 

portions  of  gluten  in  different  kinds  of  grain,  p.  97.  These  analyses  probably 
gire  the  proportion  of  moist  gluten. 

'  Comptet  Jiendus,  op.  city  Paris,  1841,  tume  xiiL,  p.  280. 

*  It  is  easy  to  extract  the  gluten  from  wheaten  flour,  but  a  difficulty  in  the 
making  bread  from  it  is  in  the  excessive  rising  "  which  takes  place  in  the  pro- 
cess of  baking,  rendering  it  light,  friable,  and  disagreeable  to  the  taste.  This 
difficulty  may  be  overcome  by  the  following  process,  suggested  by  Martin  de 
GreneUe : 

The  moist  gluten  is  desiccated  at  a  temperature  of  212°  Falir.  "  Thus  dried 
and  reduced  to  powder,  it  has  lost  in  great  part  its  tendency  to  expand.  It  may 
then  be  used  like  ordinary  flour,  kneading  it  with  66  parts  of  water  to  100;  a 
half  a  hundredth  of  yeast  is  added,  and  at  the  end  of  about  a  half-hour,  the  dough 
is  put  in,  in  the  form  of  a  large  twist."  (Payen,  PrecU  ITuorique  et  Pratiqiu 
det  Subgfanees  Alimentaireiy  Paris,  1865,  p.  856.) 
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Gluten  obtaitied  by  wasliing  flour  tinder  a  Btreatn  of 
water  contains  vegetable  librin,  vegetable  BlbutQen^  find  a 
eubstanee  soluble  in  alcobolj  called  gbitinc-  Tbis  latter 
substance  is  found  in  quantity  only  in  wbeateo  flour. 

In  the  diflerent  articles  of  food  belonging  to  tie  vege- 
table kingdom,  there  arc  undoubtedly  many  nitrogenized 
principles  with  the  distinguishing  properties  of  which  we 
are  not  yot  faTiiiliar,  In  their  relations  to  the  body  as  ali- 
mcntnry  principles,  these  would  not  possess  much  practical 
interest,  even  if  they  had  all  been  isolated  and  studied;  as 
all  articles  of  this  class  a-re  apparently  transformed  into  tlie 
same  nutritive  principles;  namely,  the  albuminoid  eoustltu- 
ente  of  the  blood. 

K<ni-NUrogem2ed  AUwieniary  Prinei^eE. — ^The  imi>or- 
tant  principles  belonging  to  this  class  are  sugar,  starch,  and 
tat.  From  the  fact  that  these  are  supposed  by  some  to  \m 
excluaively  concerned  in  keeping  up  the  animal  temperature 
by  the  oxidation  of  carljon,  they  arc  frequently  fi]>oken  of  as 
the  carbonaceous  or  calorific  elements  of  tbod.  They  are 
sometimt^  called  bydro-carbons,' 

In  many  respects  there  are  marked  and  important  differ- 
ences between  the  nitrogen  ized  and  non-nitrogenized  art! cleg 
of  food ;  and  whether  or  not  these  differences  relat43  to  the  nu- 
trition of  the  organism,  is  a  question  which  will  be  considered  in 
its  appropriate  place.  The  production  of  animal  heat,  which 
is  suppose^l  by  some  to  be  due  entirely  t<i  the  fiction  of  non- 
nitrogenized  substances,  is  closely  connected  with  the  fiinetion 
of  nutrition  and  all  that  is  at  present  known  of  tbis  general  pro- 
cess must  be  taken  into  eonsideration  in  connection  with  calo- 
rification. It  is  certain,  lioweverj  that  all  alimentary  and  proxi* 
mate  principles  which  contain  nitrogen,  excluding  the  inorgan- 
ic and  some  erystallizable  organic  substances,  have  very  differ- 

'  The  name  h^cltthcirbon  b  Btrkilj  ippllcubk  otilj  to  the  atipirB  utd  sureb, 
whi«b  c;bt3t)icaU>%  bydr^tei  of  carbon,  contnitUng  oi  tbejr  do^  cftrbon,  wiilt 
hydrogCB  tad  oi}^gen  id  ibc  iiroponiott^  to  form  wat«ri 


140N-NITROGENIZED  AUMENTABY  PRINCIPLES. 


55 


ent  properties  from  those  whicli  contain  no  nitrogen.  While 
the  nitrogenized  principles  are  in  a  state  of  continual  change, 
60  that  it  is  impossible  to  fix  upon  any  formula  as  represent- 
ing their  exact  ultimate  composition,  the  non-nitrogenized 
principles  are  not  changed  unless  by  the  influence  of  some 
other  substance  known  as  a  ferment,  and  have  a  distinct  and 
definite  chemical  composition.  The  latter  not  only  differ 
greatly  fit)in  the  nitrogenized  principles,  but  most  of  the 
individual  articles  of  this  class  present  distinctive  peculiarities 
in  their  geiieral  properties,  reactions,  and  ultimate  composi- 
tion. Treating  of  them  as  alimentary  principles,  we  have 
now  only  to  do  with  their  general  properties,  and  the  changes 
which  they  may  be  made  to  undergo  out  of  the  body. 

Sugar. — A  great  many  varieties  of  sugar  occur  in  food ; 
and  this  principle  may  be  derived  from  both  the  animal  and 
vegetable  kingdom.  The  most  common  varieties  derived 
from  animals  are  sugar  of  milk  and  honey,  beside  a  small 
quantity  of  liver-sugar,  which  is  taken  whenever  this  part  is 
used  for  food.  The  sugars  derived  from  the  vegetable  king- 
dom are  cane-sugar,  under  which  head  may  be  classed  alJ 
varieties  of  sugar  except  that  obtained  from  fruits,  and 
grape-sugar,  which  comprises  all  the  varieties  existing  in 
fruits.*  In  addition,  an  impure  uncry stall izable  residue,  ob- 
tained in  the  manufacture  of  the  different  varieties  of  cane- 
Bugar,  called  molasses,  is  a  common  article  of  food.  The 
following  are  the  formulffi  for  the  different  varieties  of  sugar 
in  a  crystalline  form : 

Cane^Sugar^  C„  0,j 

MUh-Sugwr,  C„  H„  O,, 

Orape-Sugar  (Glucose)^  C„  H,,  O,, 

All  varieties  of  sugar  have  a  peculiar  sweet  taste ;  they 

'  M.  Buignet  has  demonstrated  the  presence  of  cane-sugar  in  quite  a  number 
of  froite,  alwaje,  however,  in  combination  with  a  certain  proportion  of  grjpo- 
sag  v.   (Patek,  op.  dt^  p.  241.) 
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are  soluble  in  water  and  in  alcohol ;  they  are  iuflammablei 
leaving  an  abundant  carbonaceous  residue,  and  giving  oS  a 
peculiar  odor  of  caitimel ;  they  are  capable  of  being  can- 
verted,  in  coiitac^t  with  ferments  and  with  nitrogenized 
principlesj  into  alcohol  and  carbonic  acid^  and  into  lactic 
acid.  They  are  also  capable  of  other  modifications  when 
treated  with  tlie  mineral  acids,  or  with  alkalies^  which  are 
interesting  more  in  a  chemical  than  a  physiological  point 
of  yiew/  Of  all  the  varieties  of  sugar,  that  made  fi^om  the 
Bugar-cane  is  the  most  soluble,  the  sweetest,  and  most  agree- 
able* Beet^root  sugar,  bo  extensively  useil  in  France,  is  per- 
haps as  agreeable,  but  not  so  sweet 

Mnch  of  the  sugar  used  in  the  nutrition  of  the  organism 
is  formed  in  the  bo<ly  from  tlie  digestion  of  starch.  Tlik 
transfonnation  of  starch  may  be  efl*ecte<l  artificially.  The 
sugar  thus  formed  is  called  glucose j  and  is  identical  in  com- 
position with  grape-sugar.  Except  in  the  milk  during  lacta- 
tion, this  is  the  only  form  in  which  sugar  exists  in  the  organ- 
ism, all  the  sugar  taken  as  fbo^i  being  converted  into  glacoee 
before  it  is  taken  into  the  bluod. 

Starch, — A  iioii-nitrogeni^ed  principle,  closely  re^mbling 
sugar  in  it^  ultimate  competition  (0,,  Hj,  O,,),  is  contained 
in  abundance  in  a  great  number  of  vegetal  dos.  It  is  found 
particularly  in  the  cereals  (wheats  rye^  eom^  barley,  rice, 
oat^),  in  the  potato ^  chestnuts,  and  in  the  grains  of  leguuiin- 
ous  plants  (l)eans,  peas,  lentils,  kidnoy^beans),  in  the  tuber- 
ous rootii  of  the  yum,  tapioca,  and  sweet-potato,  in  the 
roota  of  the  Marankt  arundinaeea^  in  the  sago^plant,  in  the 
bulbs  of  orchis/  In  the  (rereala,  after  desif?e»ti<.iu,  tlie  pro- 
portion of  i*tareh  is,  in  general  terms,  between  sixty  and 

*  Tlie  various  t^U  for  «|gar  b^vc  tx^ea  cansiilemL  in  vol  i.  (Ititnxly^^oD), 

*  The  cpceping  rooU  itom  whicli  the  aubstanee  known  us  Arrow-root  b  mAiiu-^ 
fflctured. 
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«eventy  parts  per  hundred.  It  is  most  abundant  in  rice, 
which  contains,  after  desiccation,  88*65  parts  per  100.* 

The  proportion  of  starch  in  the  various  vegetable  articles 
Las  assumed  considerable  interest  from  the  fact  that  in  the 
mode  of  treatment  of  diabetes  already  referred  to,  in  which 
it  is  the  object  to  prevent  the  ingestion  of  sugar  or  any  thing 
which  may  be  transformed  into  sugar,  it  is  proper  to  allow 
certain  vegetables,  which  contain  no  starch,  or  a  very  -small 
quantity.  Payen  gives  the  following  list  of  articles,  arranged 
in  order  according  to  their  proportion  of  starch : 

"  1.  Parsnips,  which  contain  in  their  natural  condition 
6,  and  desiccated,  29*38  parts  per  100  of  starch  ; 

"2.  Carrots; 

"  3.  Pods  of  string-beans :  starch  exists  in  the  substance 
of  the  walls  of  the  carpelles^  as  well  as  in  the  young  green 
))eans;  but  it  is  not  found  in  appreciable  quantity  in  the 
parenchyma  which  surrounds  the  beans ;  ^ 

"  4.  Turnips :  starch  is  found  principally  in  the  cortical 
portion  of  these  tuberous  roots ; 

"5.  Cabbages:  the  presence  of  starch  in  very  small 
quantity  is  recognized  in  the  ribs  of  the  leaves ; 

"  6.  Cauliflowers :  it  is  at  the  upper  extremity  of  the  atro- 
phied buds,  forming  the  head  of  this  horticultural  product, 
that  slight  traces  of  starch  are  observed. 

"  We  have  not  found  starch  in  romaine^  lettuce,  chiccory, 
in  the  leaves  of  sorrel,  spinage,  in  asparagus,  a7'tichauts,  leeks, 
nor  in  the  large,  early,  white  onion." ' 

»  Ibid.,  p.  266. 

*  Tbifl  id  ft  name  given  by  De  Candolle  to  the  elementary  organs,  free  or  ad- 
herent to  each  other,  the  reunion  of  which  gires  rise  to  the  pistil,  and  each  one 
of  which  has  been  regarded  as  a  little  leaf  folded  upon  itself.   (Ntsten^s  Diet.) 

'  Paten,  cp.  eit.,  p.  387.  In  the  treatment  of  diabetes  by  the  exclusion  of 
•accbarine  and  amylaceous  articles  of  food,  it  is,  of  course,  important  to  secure 
the  greatest  possible  variety  of  diet ;  and  though  this  is  a  question  of  therapeu- 
tics, we  hare  thought  it  not  uninteresting  nor  inappropriate  to  give  a  list  of  vege- 
tables which  contain  no  starch,  or  so  little  that  they  may  be  supposed  to  furnish 
no  material  for  the  formation  of  the  sugar  which  is  dis^charged  from  the  body. 
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Starch  may  be  separated  from  tnanj  plants  by  simple 
wasluiig^,  but  ia  others  in  which  it  exists  in  eonuectioa  with 
a  considerable  proportion  of  gluten,  a  more  elaborate  pro- 
cess ia  employed  in  commerce.  The  different  Yarfetied  of 
manufactured  starch,  such  as  com-etareh,  potato-etareb, 
arrow-rootj  Upioca,  and  sago,  differ  only  in  the  presem?© 
of  a  minute  quantity  of  odorous  and  flavoring  principless, 

Wlien  extracted  in  a  pure  state^  starch  is  in  the  form  of 
granules^  Tarying  in  size  from  ya^^tir  to  of  an  inch,  and 
presenting,  in  most  varieties,  certain  peculiarities  of  Ibrm, 
The  granule  is  frequently  marked  by  a  little  c^^nical  excavar* 
tion  called  the  hilus,  and  the  starch  subetance  is  arranged  in 
the  form  of  a  concentric  laminiB,  the  outlines  of  which  are 
frequently  quite  distinct.  When  starch  is  rubbed  between 
the  finsfers,  these  little  hard  bodies  give  it  rather  a  gritty 
feel  5  and  prtKluee  a  crackling  sound.  Most  chemists  are  of 
the  opinion  that  the  starch-granules  are  compoeed  of  a  single 
substance,  but  some  contend  that  each  grain  is  a  fTa0Tieg&- 
table  organ,  with  an  investing  niembrane  composed  of  nitro- 
genized  matter/  The  different  varieties  of  starch  may  be 
recognized  microscopically  by  the  peculiar  appearance  of  the 
granules. 

The  presenea  of  even  a  minute  quantity  of  starch  in  any 
naixture  which  is  not  alkaline  may  be  readily  determined  by 
the  addition  of  iodine^  which  unites  with  the  starch,  pro- 
ducing an  inteuie  blue  colon  The  color  may  be  destroyed 
by  the  addition  of  an  alkali^  or  by  the  afpplieation  of  heat. 
It  may  be  restored,  however,  by  the  addition  of  an  acid,  or, 
in  the  latter  instance,  it  returns  when  tlie  mixture  is  al- 
lowed to  cool,  if  the  temperature  has  not  been  carried  to 
21^*  Fahr. 

Starch  is  insoluble  in  water ;  but  when  boiled  with  several 
times  its  volume  of  water,  the  granules  swell  np,  become  tranfr 
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parent,  and  finally  fuse  togetlier,  mingling  with  the  water, 
and  giving  it  a  mucilaginous  consistence.  The  mixture  on 
cooling  forms  a  jelly-like  mass  of  greater  or  less  consistence. 
This  change  in  starch  is  called  hydration,  and  is  interesting 
as  one  of  the  transformations  which  takes  place  in  the  pro- 
cess of  digestion,  when  starch  is  taken  uncooked.  This  change 
is  generally  effected,  however,  in  the  process  of  cooking. 

The  most  interesting  properties  of  starch  are  connected 
with  its  transformation,  first  into  dextrine,  and  finally  into 
glucose.  This  always  takes  place  in  digestion,  t)efore  starch 
can  be  absorbed.  In  the  digestive  apparatus,  the  change 
into  sugar  is  almost  instantaneous;  and  the  intermediate 
substance,  dextrine,  is  not  recognized.  By  boiling  starch  for 
a  number  of  hours  with  dilute  sulphuric  acid,  it  gradually 
loses  its  property  of  striking  a  blue  color  with  iodine,  and  is 
transformed,  without  any  change  in  chemical  composition, 
into  the  soluble  substance  called  dextrine.  If  the  action  be 
continued,  it  assumes  four  atoms  of  water,  and  is  converted 
into  glucose.  If  dextrine  be  perfectly  pure,  no  coloration  is 
produced  by  the  addition  of  iodine,  but  ordinarily  it  contains 
starch  imperfectly  transformed,  and  iodine  produces  a  reddish 
color.  The  change  of  starch  into  dextrine  may  be  effected 
by  a  dry  heat  of  about  400^  Fahr.,  a  method  which  is  com- 
monly employed  in  commerce. 

The  most  effectual  method  of  producing  this  ti'anaforma- 
tion  of  starch,  aside  from  the  process  of  digestion,  is  by  the 
action  of  a  pecuL'ar  vegetable  substance  called  diastase.  Tliis 
substance  is  produced  in  the  process  of  germination  of  many 
of  the  vegetables  containing  starch.*  Its  exact  chemical  com- 
position is  unknown.  One  part  of  diastase  will  effect  the 
transformation  of  one  hundred  parts  of  starch,  which  would 
require  thirty  times  the  quantity  of  sulphuric  acid. 

*  Diastase  is  a  white,  amorphous,  nitrogenized  substance,  insoluble  in  a1coh(^ 
soluble  in  water,  and  is  extracted  from  barley,  oats,  grain,  and  potatoes,  in  pro- 
cess of  germination.  Its  action  upon  starch  is  most  energetic  at  from  160°  to 
lOr  Fafir. 
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Whht  has  been  said  regarding  sugar  as  an  alimentai^ 
principle  will  applj  to  etareli*  Ttoiigh  an  abundant  and 
important  article  of  diet,  it  has  been  demonstrated  by  numer- 
ous experimenters  to  be  insntficient  of  itself  for  the  pui^HDsefi 
of  nutrition  J 

Veff^4Jtble  Princijiim  restmUing  SiarcL — ^In  cjertain  t©- 
getablos^  sul^tMices  ifiomeric  with  starchy  but  presenting 
slight  differences  as  regards  general  properties  and  reactioiiSi 
have  been  described  j  but  they  possess  no  very  great  interest 
as  alimentary  principles^  and  demand  only  a  passing  jnen- 
tion.  These  are,  innline,  lichenine,  celluloeCj  peetose,  man* 
nite,  mucilagesj  and  gmm. 

Inuline  is  found  in  certain  roots.  It  is  capable  of  being 
converted  into  sugafj  but  does  not  pass  tlirougli  tlie  inter- 
mediate stage  of  dextrine.  It  diflers  irom  etarck  in  being 
VBTj  soluble  in  hot  water,  and  in  striking  a  yellow  instead 
of  a  blue  color  with  Iodine. 

lichenine  is  found  in  many  kinds  of  edible  mosses  and 
lichens.    It  differs  from  starch  only  in  its  solubility. 

Celliilose  ia  a  subtstanee,  generally  regarded  as  identical 
in  all  plantSj  which  forms  the  basis  of  t)ie  walk  of  the  vege- 
table cells.  It  exists  in  greater  or  less  abundance  in  all 
vegetables.  It  is  less  easily  acted  upon  by  acids  than  starch, 
but  is  capable,  when  treated  with  concentrated  sulphnric 
acidj  of  being  converted  first  into  dextrine,  and  finally  into 
si^ar.  It  is  only  in  soft  and  recent  vegetable  products  that 
it  can  be  regarded  as  an  alimentary  principle. 

Pectose  is  a  principle  which  exists,  mingled  with  cella- 
losCj  in  unripe  fruits,  carrots,  turnips,  and  some  other  vege- 
tabled  of  this  class.  Its  composition  has  not  been  determined. 
In  ripe  fniits  it  is  found  transformed  into  a  soluble  substance 
called  pectine.  This  transtbrmation  may  be  effected  artifi- 
ciaUy  by  the  action  of  acids  and  heat.    Pectine  may  be  pre- 


*  See  page  128,  fis^q.^  for  **  nccefsity  <>f  a  rtricJ 
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cipitated  in  a  gelatinous  form  from  the  juices  of  fruits  by 
alcohoL 

Mannite  is  a  sweetish  principle  found  in  manna,  mush- 
rooms, celery,  onions,  and  asparagus.  Manna  in  tears  is 
composed  of  this  principle  in  nearly  a  pure  state.  It  is 
perhaps  more  analogous  to  sugar  than  to  starch,  but  is  not 
capable  of  fermentation  and  has  no  influence  on  polarized 
light 

Gums  and  mucilages  may  enter  to  a  certain  extent  into 
the  composition  of  food,  but  they  can  hardly  be  considered 
as  alimentary  principles.  Gums  are  found  exuding  from  cer- 
tain trees,  first  in  a  fluid  state,  but  becoming  hard  on  exposure 
to  the  air.  A  viscid,  stringy  mucilage  is  found  surrounding 
many  grains,  such  as  the  flax-seed,  quince-seeds,  and  exists  in 
TariouB  kinds  of  roots  and  leaves.  Both  gums  and  mucilages 
mix  readily  with  water,  giving  it  a  consistence  called  muci- 
laginous.   They  have  the  same  composition  as  starch. 

Experiments  have  shown  that  gum  passes  through  the 
alimentary  canal  unchanged,  and  has  no  nutritive  power.* 
It  is  said  that  gummy  exudations  from  trees  form  an  im- 
portant part  of  the  food  of  certain  savage  African  tribes; 
but  it  must  be  remembered  that  in  this  condition  the  exuda- 
tion is  impure  and  contains  many  other  substances.  Gum 
is  mentioned  in  this  connection  from  the  fact  that  it  is  fre- 
quently used  in  the  treatment  of  disease,  and  is  thought  by 
many  to  possess  nutritive  properties. 

Fats  and  OiU. — Fatty  or  oily  matters,  derived  from  both 

^Boussingault,  out  of  fifty  grammes  of  pure  gum  fed  to  a  duck,  extracted 
forty-flix  from  the  faeces.  {Mhnoirea  de  chunie  affricde  et  de  physiologie^  Paris, 
1854,  p.  232.)  This  experiment  shows  that  but  a  very  small  quantity  of  gum, 
not  enough  to  supply,  to  any  considerable  extent,  the  so-called  respiratory,  ur 
calorific  needs  of  the  system,  is  taken  up  from  the  alimentary  canal  by  absorp- 
tion. It  is  evident  that  a  substance,  which  is  thus  shown  to  pass  through  the 
intestinal  canal  almost  without  alteration,  cannot  be  useful  as  an  article  of  food, 
particularly  in  disease,  when  the  object  frequently  is  to  introduce  matters  that 
can  be  easily  digested  and  absorbed.  In  this  respect,  gum  bears  about  the  same 
relations  to  nutrition  as  gelatine. 


the  animal  and  vegetable  kingdom,  conatitute  an  important 
(li vision  of  the  articles  of  food,  Afi  a  proximate  principlej 
fat  18  found  in  all  paits  of  the  body^  with  the  exception  of 
the  boneSj  teeth,  and  fibrouii  tissues.  It  necessarilj  consti- 
tutes an  important  part  of  all  animal  food,  and  is  taken  in 
the  form  of  adipose  tisi^ue,  infiltrated  in  the  Tarious  tis- 
sues in  the  form  of  globides  and  granules  of  oil,  and  in  sus- 
pension in  the  caseine  and  water  in  milk.  Animal  fat  is  a 
mixture  of  oleine,  margarine,  and  stearine,  in  varied  propor 
tioDBj  and  possesses  a  cotiisifiteuco  which  depends  upon  tlie 
relative  cjuan titles  of  th^  principles.  More  or  lesi  fat 
always  entera  into  the  compoeition  of  foo<l,  but  as  a  mle^  it 
is  more  abundantly  taken  in  cold  than  in  warm  climates. 
The  oiHlinary  diet  of  the  Greenlander  contains  what  would 
be  considered  in  temperate  climates  as  an  enormous  quantitjr 
of  fat  and  oil,  frocj^uently  in  a  disgusting  form,  and  taken  ' 
mimixed  witii  other  articles. 

The  diiFerent  varieti^  of  animal  fats  do  not  demand 
special  consideration  as  articles  of  diet.  Butter,  an  impor- 
tatit  article  of  food,  is  somewhat  different  from  the  fat  ex- 
tracted from  adipu^  tissue,  but  most  varieties  lose  their  indi- 
vidual pecidiarities  in  the  process  of  digestion,  and  are  ap- 
parently identical  when  they  find  their  way  into  the  lacteal 
vessels. 

In  the  vegetable  kingdom j  fat  is  particularly  abundant 
in  seeds  and  grains,  but  it  exists  in  quantity  in  some  fruits^  lu 
the  olive.  Here  it  is  generally  called  oil.  Its  proportion  in 
linseed  is  120  per  cent. ;  in  rape-seed,  35  to  40  per  cent, ;  in 
hemp-seed,  25  per  cent. ;  and  in  poppy-seed,  47  to  50  per 
cent.'  It  exists  in  considerable  proportion  in  nuts,  and  in 
certain  quantity  in  the  cereals,  particularly  Indian  corn. 
Its  proportion  in  the  different  varieties  of  wheat  is  from  1*87 
to  2*61  per  cent. ;  in  rye^  2'25  per  cent. ;  in  barley,  2'76  per 
eent ;  in  oati,  5-5  per  cent. ;  in  Indian  com,  8"8  per  cent. ; 
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and  in  rice,  0*8  per  cent.*  The  above  is  the  proportion  in 
the  grains  after  desiccation. 

Fat,  both  animal  and  vegetable,  may  be  either  liquid  or 
solid.  It  has  a  peculiar  oily  feel,  a  neutral  reaction,  is  in- 
soluble in  water  and  soluble  in  alcohol  (particularly  hot  alco- 
hol), chloroform,  ether,  benzine,  and  solutions  of  soaps.  The 
solid  varieties  are  exceedingly  soluble  in  the  oils.  Treated 
with  alkalies,  at  a  high  temperature  and  in  the  presence  of 
water,  they  are  decomposed  into  fatty  acids  and  glycerine, 
the  acid  uniting  with  the  base  to  form  a  soap.  Alkaline, 
mucilaginous,  and  some  animal  fluids  (particularly  the  pan- 
creatic juice)  are  capable  of  holding  fat  in  a  state  of  minute 
and  permanent  subdivision  and  suspension,  forming  what  are 
known  as  emulsions. 

The  composition  of  many  of  the  fats  and  oils  has  never 
been  definitely  ascertained,  on  account  of  the  diflSculty  in 
obtaining  them  in  a  state  of  absolute  purity.  They  contain 
carbon,  hydrogen,  and  oxygen,  but  the  latter  elements  do 
not  exist  in  the  proportions  to  form  water.  The  composition 
of  stearine  is  C„  H„  O.. 

As  alimentary  principles,  fats  and  oils  are  undoubtedly 
of  great  importance.  They  are  supposed  by  many  to  be 
particularly  concerned  in  the  function  of  calorification.  It 
has  been  proven  by  repeated  experiments  that  fat,  as  a  single 
article  of  diet,  is  insuflScient  for  the  purposes  of  nutrition. 

Inorganic  Alimentai*y  Principles. — Physiological  chem- 
istry has  shown  that  all  the  organs,  tissues,  and  fluids  of  the 
body  contain  inorganic  matter  in  greater  or  less  abundance. 
The  same  is  true  of  vegetable  products.  All  the  organic 
nitrogenized  principles  contain  mineral  substances  which 
cannot  be  removed  without  incineration,  and  which  must  be 
considered  as.  actually  part  of  their  substance.  When  new 
organic  matter  is  appropriated  by  the  tissues  to  supply  the 

*  Paten,  PreeU  Tliiorique  et  Pratique  des  Subaianceg  Alimeniairea^  Paris,  1865, 
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place  of  that  whicli  has  become  effete,  the  mineral  subetancea 
are  deposited  with  them ;  and  the  organic  principles,  as  they 
become  effete,  or  are  transformed  into  excrementitious  sub- 
stances and  discharged  from  the  body,  are  always  thrown 
off  in  connection  with  the  mineral  substances  which  enter 
into  their  composition.  This  constant  discharge  of  inorganic 
principles,  forming  as  they  do  an  essential  part  of  the  organ- 
ism, necessitates  their  introduction  with  the  food,  in  order 
to  maintain  the  normal  constitution  of  the  parts.  As  these 
principles  are  as  necessary  to  the  proper  constitution  of  the 
body  as  any  other,  they  nmst  be  considered  as  belonging  to 
the  class  of  alimentary  substances.  This  conclusion  is  ineW- 
table,  if  alimentation  be  regarded  as  the  supply  of  material 
for  the  regeneration  of  the  organism. 

Water. — This  should  be  placed  at  the  head  of  the  list 
of  inorganic  alimentary  principles.  It  constitutes  the  great- 
est part  of  the  fluids  which  are  used  as  drink ;  *  but  is  seldom, 
if  ever,  taken  in  a  pure  state,  all  potable  waters  containing 
numerous  inorganic  salts  in  solution.  A  consideration  of  its 
functions  as  a  solvent,  and  in  giving  the  proper  consist- 
ence to  parts,  belongs  to  the  physiological  chemistry  of  the 
organism.'  It  is  always  to  be  remembered,  however,  that 
water  forms  a  part  of  all  the  organic  nitrogenized  principles, 
and  is  indispensable  to  the  manifestation  of  their  vital  prop- 
erties. It  exists,  therefore,  in  all  the  animal  and  vegetable 
nitrogenized  elements  of  food,  and  serves  as  the  vehicle  for 
the  introduction  of  all  the  inorganic  salts  and  the  soluble 
non-nitrogenized  alimentary  principles. 

Chloride  of  Sodinm. — Of  all  saline  substances,  chloride 
of  sodium  is  the  one  most  widely  distributed  in  the  animal 
and  vegetable  kingdom.    It  exists  in  all  varieties  of  food. 

*  Water,  with  the  Fubstances  which  it  holds  in  eolation  and  with  which  it  ii 
combined,  will  be  taken  up  more  fully  under  the  head  of  drinks. 

•  See  vol.  i.,  p.  30  et  tteq. 


INOHOANIC  ALDfENTAKY  PRINCIPLES. 


65 


Tlie  quantity,  however,  which  is  taken  in  combination  with 
other  principles  is  nsnally  insuflScient  for  the  purposes  of 
the  economy,  and  cominon  salt  is  generally  added  to  certain 
articles  of  food  as  a  condiment,  when  it  improves  their  flavor, 
promotes  the  secretion  of  some  of  the  digestive  fluids,  and 
meets  a  positive  nutritive  demand  on  the  part  of  the  system. 
Numerous  experiments  and  observations  have  shown  that  a 
deficiency  of  chloride  of  sodium  in  the  food  lias  an  unfavor- 
able influence  on  nutrition.* 

PKosphate  of  Lime. — ^This  is  almost  as  common  a  con- 
stituent of  vegetable  and  animal  food  as  the  chloride  of  sodi- 
um. It  is  seldom  taken  except  in  combination,  particularly 
with  the  nitrogenized  alimentary  principles.  Its  importance 
as  an  alimentary  principle  has  been  experimentally  demon- 
strated, it  having  been  shown  that  in  animals  deprived  as 
completely  as  possible  of  this  substance,  the  nutrition  of  the 
body,  particularly  in  parts  which  contain  it  in  considerable 
quantity,  as  the  bones,  is  seriously  affected.' 

Iron. — ^Hffimaglobine,  the  coloring  matter  of  the  blood, 
contains,  intimately  united  with  organic  matter,  a  consider- 
able proportion  of  iron.  The  examples  of  ansemia,  which  are 
daily  met  with  in  practice  and  are  almost  always  relieved  in 
JBL  short  time  by  the  administration  of  iron,  are  pro«>f  of  the 
importance  of  this  substance  as  an  alimentary  principle. 
The  quantity  of  iron  which  is  discharged  from  the  body  is 
'  See  ToL  i.,  Introductioii. 

*  Chossat  fed  pigeons  for  a  length  of  time  exclusively  on  wheat  which  had 
been  carefully  cleaned  so  as  to  remove  everj  particle  of  calcareous  matter.  He 
found  that  this  diet  answered  very'well  for  three  months ;  but  after  that  time 
duurrfaoBa  set  in,  and  the  animals  died  between  the  eighth  and  the  tenth  month. 
One  of  the  most  remarkable  points  in  these  experiments  related  to  the  condition 
of  the  bones,  which  became  excessively  thin  and  fragile.  One  animal  was  found 
with  both  femurs  and  tibias  fractured ;  and  exammed  af^r  death,  it  was  found 
that  the  bony  tissue  had  disappeared  from  many  parts  of  the  sternum.  None  of 
these  effects  were  observed  when  a  little  carbonate  of  lime  was  added  to  the  food, 
(CompieM  Rendiu,  Paris,  1842,  tome  xiv.,  p.  452.) 
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very  slight;  a  trace  only  being  discoverable  in  the  urine. 
A  small  quantity  of  iron  is  frequently  introduced  in  solution 
in  the  water  taken  as  drink,  and  it  is  a  constant  constituent 
of  milk  and  eggs.  When  its  supply  in  the  food  is  insuf- 
ficient, it  is  necessary,  in  order  to  restore  the  processes  of  nu- 
trition to  their  normal  condition,  to  administer  it  in  some 
form,  until  its  proportion  in  the  organism  reaches  the  proper 
standard. 

It  is  hardly  necessary  even  to  enumerate  the  other  inor- 
ganic alimentary  principles,  as  nearly  all  are  in  a  state  of 
such  intimate  combination  with  nitrogenized  principles  that 
they  may  be  regarded  as  part  of  their  substance.  Suffice  it 
to  say,  that  all  the  inorganic  matters  which  exist  in  the  or- 
ganism as  proximate  principles  are  found  in  the  food.  That 
these  are  essential  to  nutrition,  cannot  be  doubted ;  but  it  is 
evident  that  by  themselves  they  are  incapable  of  supporting 
life,  as  they  cannot  be  converted  into  either  the  nitrogenized 
or  the  non-nitrogenized  proximate  principles. 


CHAPTER  m. 

COMPOUND  AUMENTABY  SUBSTANCES. 

General  oonaidenitionfl — ^Aliments  derived  from  the  animal  kingdom — ^Meats— > 
Animal  Tiscera — ^Animal  products  used  as  food — Eggs — ^Milk — ^Butter — Cheese 
— ^Fishes,  reptiles,  mollusks,  and  Crustacea — PreparaUon  of  animal  articles  of 
food — Aliments  derived  from  the  vegetable  kingdom — Cereal  grains — Bread 
— Leguminous  roots,  leaves,  seeds,  etc — Condiments  and  flavoring  articles. 

Although  the  number  of  distinct  alimentary  principles  is 
comparatively  small,  the  different  articles  used  as  food  in  the 
civilized  world  are  almost  innumerable.  In  the  selection  of 
these  articles,  the  natural  instincts  of  man  have  become  so 
developed  and  modified  by  habit  and  education,  that  little 
apparently  remains  to  indicate  the  character  of  his  original 
tastes.  The  more  powerful  races,  in  their  conquests  and 
explorations,  have  ever  regarded  the  knowledge  of  new  arti- 
cles and  of  new  and  improved  methods  of  preparation  of 
food  as  their  most  valuable  acquisitions  from  foreign  lands ; 
until,  in  the  centres  of  civilization,  the  luxurious  diet  of  the 
epicure  comprises  the  products  of  nearly  every  climate  and 
soil  on  the  face  of  the  globe,  prepared  with  a  scientific  skill 
which  is  the  result  of  the  studies  and  experience  of  ages. 
Though  the  necessary  and  proper  diet  of  man  must  present 
a  certain  physiological  variety,  the  articles  used  may  be  very 
simple.  All  that  is  requisite  is  that  the  different  alimentary 
principles  shall  be  present  in  proper  quantity,  and  that  they 
be  not  unpalatable  or  in  such  a  form  as  to  become  dis- 
tasteful from  monotony.    In  normal  alimentation  it  is  indis- 
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pensable  that  the  demands  of  the  system  be  regulated  by 
exercise  and  proper  habits  of  life,  so  that  the  tastes  and  the 
digestive  powers  may  be  always  in  a  pliysiological  condition. 
But  this  is  not  always  the  case ;  the  incessant  activity  and 
the  preoccupations  of  the  mind  frequently  react  on  the  body, 
and  artificial  appetites  are  easily  engendered ;  while  fancies 
and  prejudices  may  become  so  much  a  part  of  the  organiza- 
tion that  the  natural  instincts  are  ahnost  buried.  An  almost 
universal  tendency  to  tempt  the  appetite  with  food  in  as 
palatable  and  attractive  a  form  as  possible  has  led  to  a  high 
development  of  the  art  of  cooking.  The  preparation  of  food 
by  cooking  has  three  great  objects :  one  to  render  it  as  pala- 
table as  possible ;  another  to  save  and  utilize  articles  which, 
without  skilful  preparation,  would  be  lost ;  and  another,  the 
most  importaint  in  a  physiological  point  of  view,  to  improve 
alimentary  substances  as  regards  digestibility. 

There  can  be  hardly  any  doubt  but  that  the  intelligence 
of  man  is,  in  the  main,  correct  in  recognizing  certain  arti- 
cles, such  as  tea,  coffee,  alcoholic  beverages,  tobacco,  etc., 
as  capable  of  temporarily  supplying  the  place  of  some  of  the 
true  alimentary  principles,  or  of  diminishing  the  demand  for 
nourishment  by  retarding  actaal  disassimilation.'  Extraor- 
dinary physical  effort,  and,  most  of  all,  severe  mental  exer- 
cise, create  demands  which  are  not  a  part  of  mere  animal 
existence.  It  must  be  regarded  as  fortunate  for  the  develop- 
ment of  truth  and  the  progress  of  the  world,  that  man  -is 
not  made  to  pass  his  life  in  accordance  with  what  might  be 
considered  as  purely  physiological  laws.  He  is  the  only 
being  in  creation  which  ever  seems  to  demand  that  unusual 

*  Actual  experiment  has  demonstrated  the  value  of  tea,  coffee,  and  occasion- 
ally  alcohol,  within  moderate  limits,  as  accessorv  alimentary  principles.  In  this 
statement,  an  exception  might  be  made  with  regard  to  alcohol,  the  abuse  of  which 
constitutes  one  of  the  greatest  of  human  Tices.  But  this  does  not  alter  the  physi- 
ological fact  of  its  value  in  nutrition,  when  properly  used.  The  same  may  be  said 
3f  tobacco,  though  its  influence  is  less  decided.  Tea  and  coffee,  also,  arc  open 
to  the  objection  of  being  frequently  used  to  excess. 
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kind  of  nutrition  in  which  the  operation  of  accessory  ali- 
mentary principles  is  so  conspicuous.  It  cannot  be  denied, 
however,  that  the  appetites  sometimes  engendered  by  great 
mental  exercise  very  frequently  lead  to  the  most  disastrous 
results. 

Aliments  derived  from  the  Animal  Kingdom. — The  arti- 
cles of  food  derived  from  the  animal  kingdom  are  numerous 
and  varied.  At  the  head  of  the  list  may  be  placed  the  dif 
ferent  kinds  of  meat,  a  name  generally  applied  to  the  flesh 
of  the  manmialia ;  next,  the  flesh  of  birds,  those  most  com- 
monly used  being  domesticated,  like  the  fowl,  turkey,  etc. ; 
next,  the  flesh  of  fishes,  a  great  variety  of  which  are  edi- 
ble ;  and  next,  certain  reptiles  which  are  more  or  less  com- 
monly used  as  food,  such  as  difierent  kinds  of  turtles,  and 
sometimes  frogs.  Some  of  the  moUusks  form  important 
articles  of  food,  more  particularly  oysters  and  clams.  Some 
of  the  Crustacea  are  very  commonly  used,  such  as  lobsters, 
craw-fish,  crabs,  etc.  Bees  furnish  honey,  which  is  not  an 
uncommon  article  of  diet ;  but  beyond  this  the  class  of  in- 
sects contributes  little  or  nothing  to  our  food.  Finally,  cer- 
tain animal  products,  particularly  eggs  and  milk,  are  impor- 
tant aliments. 

Meats. — ^With  hardly  any  exceptions  among  the  mamma- 
lia, the  flesh  of  herbivorous  animals  is  the  only  variety  which 
is  considered  fit  for  food.  All  animals  of  this  class  are  not 
considered  edible.  The  flesh  of  the  horse,  of  rats,  and  many 
others  is  excluded  from  the  table  in  civilized  countries.* 

'  In  Paris,  the  attempt  has  frequently  been  made  to  introduce  horse-flesh  as  an 
article  of  food — a  movement  which  found  favor  to  some  extent  among  men  of 
science.  Among  the  advocates  of  this  article  may  be  mentioned,  as  the  most 
prominent,  the  eminent  naturalist  and  physiologist,  Isidore  Geoffrey  Saint  Ililaire. 
It  has  been  found  fanpossible,  however,  to  establish  a  reputation  for  horse-flesh 
which  would  give  it  a  place  among  the  meats  exposed  publicly  for  sale ;  but  it 
is  pretty-generally  acknowledged  that  this  article  is  consumed,  in  spite  of  the 
pT^udice  against  it,  under  other  names.   (Paten,  op.  cit.y  p.  69.) 
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lestinctivelj  mo§t  persons  prefer  Leef,  an  btibitual  ar* 
tide  of  diet,  to  any  other  Tariety  of  meat.  The  experieDce 
of  almoet  every  one  has  taught  that  this  artide  can  be  Ui=ecl 
more  constantly  than  any  other  of  its  elass.  Xo  meats  be- 
come m  dktastefiil  from  constant  use  as  tho^  which  are  oon- 
sidered  as  deilcacie^,  when  taken  oeeasionally,  Bueh  as  vetii- 
gon  or  any  vaiiety  of  game.  Any  one  can  reahise  that  it 
would  be  almost  impoesible  to  e^t  a  considerable  quantity  of 
any  kind  of  game  daily  for  thuly  or  slsty  days,  yet  there 
are  many  who,  frc*m  choice^  consume  more  or  less  fresh  beef 
daily  for  montlia  and  years,  Beef-fttock "  Is  the  basis  of 
tno^t  eonps  and  sauces,  and  is  the  main  reliance  of  cooks  iu 
the  preparation  of  what  are  generally  termed  mad^f-dishea. 
Though  of  eoui^  there  are  individual  exceptions,  as  there 
must  be  to  any  rule  which  may  be  laid  down  concerning  the 
digestibility  of  diiferent  article,  beef  is  the  most  easily  di* 
gested  of  any  of  the  ineats^  and  its  influence  apon  tlie  nutri* 
tion  of  the  body  is  mmt  favorable.  All  parts  of  the  museolar 
system  of  the  ox  poe»sess  highly  nutritive  properties,  but 
many  are  more  esteemed  than  others,  from  superior  flavor, 
tendemesa,  and  perhaps  lar.ility  of  digestion.  It  is  of  course 
important  that  this  animal^  and  others  ot  the  same  q\bs&^ 
should  be  oi*  the  profjcr  age.  well  fed.  and  that  the  flesh  bo 
kept  for  a  certain  time  before  it  is  cooked.  It  is  unnecessaiy 
to  enter  into  details  with  regard  to  th^e  points. 

In  ClitDO,  It  h  well  known  that  dog&,  cata,  and  r&ts  are  exposed  Ibr  Mleln 
th«  publJe  marketftf  ajid  &re  exteiLsiTelj  used  as  food.    The  ordioA^  pirejiitditft 
Kgnmst  the  camvoni  m  generally     fur  repeated  m  thai  the  iTowed  eofuqiaijK 
tion  of  thae  onimAk  icldom  o<:curs ;  tiG^ertliele^  mmy  a^g  ujM  us  food  in 
lttf|;e  isities  of  I  tie  world,    Follovnng  the  r^mnrkfl  on  hoFS«>ficah,  Pft?«fi  s^f^z 
**  They  n^rtl  iiitlL  as  mncli  core  a  simitar  pr^ndice,  likewise  very  wiilfsfcptrody 
wben  they  surre  up  to  eonsamers,  in  the  Hftme  ^tabluihinentB,  tarnivora  a/ 
tmaU feting  tptdm^  raked  and  Doumhed  with  gre«l  ^ai^e,  not,  it  i»  tni^  in  vi 
or&iidi  a  iJeifiitif^  bul  which  none  (he  less  ^nnmli  at  the  occAnlon  a  kind  of  ftir, 
and  a  natritive  meat  of  g!Ot>d  quAlity^  pi^ii^tlng^  skUcr  cooking  bj  the  ordtoar^r 
method^  a  rerv  great  an^logj  in  App^aranee  and  taitc  with  tlie  ieah  of  the 
ML"  flbid.) 
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Beef,  as  well  as  all  kinds  of  meat,  is  composed  of  mas- 
cular  tissue,  a  email  quantity  of  blood,  and  interstitial  fat. 
We  have  already  seen  that  all  iiitrogenized  principles  contain 
a  considerable  proportion  and  a  large  variety  of  inorganic 
matters.  In  proximate  composition,  the  different  kinds  of 
meat  are  quite  similar,  and  the  following  analysis  by  Berze- 
lius  of  the  flesh  of  the  ox  may  be  taken  as  the  type  of  the 
compoaition  of  most  of  them : 


Immediate  Composition  of  the  Flesh  of  the  Ox, 

Water   7717 

Moscolar  fibre,  TeBscls,  and  ncTres   15*80 

Toidonous  tissue,  reducible  to  gelatine  by  boiling.   1*90 

Albumen  (analogous  to  the  white  of  egg  and  the  serum  of  the  blood). . . .  2*20 

Substances  soluble  in  ^ater  and  not  coagulable  by  boiling   1*05 

Matters  soluble  in  alcohol   1*80 

Phosphate  of  lime   0*08 


100*00 

According  to  Payen,  among  these  soluble  and  insoluble 
substances  are  found  lactic  and  inosic  acids,  creatine,  creati- 
nine, and  organic  nitrogenized  matters,  with  alkaline  salts, 
magnesian  and  calcareous.  Meat  contains,  indeed,  in  100 
parts  about  1*5  of  soluble  and  insoluble  salts,  alkaline  chlo- 
rides, and  phosphates  of  potassa,  of  soda  and  magnesia.  Meat 
contains  beside,  a  small  quantity  of  sulphur,  which  is  in 
part  a  constituent  of  albumen  of  different  origin,  animal  and 
v^etable ;  sulphur  is  likewise  an  integral  part  of  fibrin,  of  the 
homy  substance  of  the  nails,  of  hair,  etc.  It  is  found  neither 
in  cellular  tissue,  tendons,  fibrous  tissue  of  bones,  nor  in  the 
gelatine  produced  by  a  solution  at  212**  of  all  these  tissues. 

"  To  all  these  substances  indicated  by  this  analysis  and 
which  constitute  meats,  must  be  added  a  saccharine  sul)- 
Btance,  inosite,  analogous  to  lactose  (sugar  of  milk)  and  the 
fatty  substances  contained  in  a  special  tissue  (adipose  tissue). 
These  last  substances  exert  on  the  quality  of  the  meat  a 
favorable  influence  in  proportion  as,  without  being  in  excess. 
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they  are  best  distributed  in  the  mass.  Thus  the  best 
butchers'  meat  presents  in  many  parts  between  the  muscular 
fibres  an  interposition  of  fat,  which  gives  them  the  appear- 
ance of  a  whitish  marbling/'  * 

Taking  the  above  as  the  type  of  the  composition  of  the 
meats,  it  is  evident  that  enough  variety  is  here  presented  to 
answer  the  purposes  of  nutrition.  The  camivora  habitually 
live  upon  meat  as  the  sole  article  of  food,  and  examples  are 
not  wanting  in  which  life  is  sustained  in  the  same  way  in 
the  human  subject. 

The  composition  of  meat  is  somewhat  modified  by  cook- 
ing. Odorous  and  flavoring  principles  are  developed,  which 
render  it  more  agreeable,  and  the  inter-muscular  areolar 
tissue  is  softened,  by  which  it  is  rendered^  somewhat  more 
digestible.  The  following  analyses  were  made  by  Payen  of 
beef-steaks,  about  1}  in.  thick,  cut  fi-om  the  tenderloin,  ex- 
empt apparently  fi-om  adipose  tissue.' 

Composition  of  CooTced  Beef -steaks. 

100  parts  gave  by  analysis  the  following  quantities  of  water,  carbon,  nitro- 


gen, of  fatty  and  mineral  substances : 

Water.                Carbon.             Nitrogen.         Fatty  Matters.  Mineral  3ab«UDoe«^ 

69-89                16-76               3-528               6  19  1  05 

Immediatt  CompotitiorK  Cooksd  Meat.      Dry  Subtlame^, 

Water                                                             69  89  0*00 

Kitrogenized  matters                                           22-93  76*18 

Fatty  subsUnces                                                 6-19  17*26 

Mineral  substances                                                 1*06  3*50 


Kon-nitrogenized  substances,  sulphur,  and  loss   1*04  (0*94  ?)  8-07 

100-00  100*00 

The  composition  of  other  varieties  of  meat  being  so  much 
like  that  of  beef,  does  not  demand  special  consideration. 

*  Payen,  op.  cU.,  p.  68. 

•  Op.  eit,  p.  92. 

In  the  admirable  work  of  Paycn,  one  of  the  most  complete  and  exhaufltiTe 
treatises  on  alimentary  substances  in  any  language,  we  find  (page  71)  a  qaotatkm 
from  remarks  made  by  Chevreul  in  a  discussion  at  the  Imperial  and  Central  So> 
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The  preparation  of  meat  by  cooking,  and  the  methods  which 
are  employed  for  its  preservation  are  important,  and  will  be 
taken  up  hereafter.  A  point  in  this  connection  which  has 
particular  physiological  and  therapeutical  interest  is  the 
preparation  of  soups  and  animal  essences. 

Mutton  ranks  next  to  beef  as  an  agreeable  and  nutritive 
meat.  Nearly  all  parts  of  the  muscular  system  of  the  sheep 
are  habitually  used  as  food.  It  is  difficult  to  establish  any 
great  diflTerence  in  its  nutritive  properties  from  beef;  but  if 
taken  constantly,  without  any  variation,  it  is  more  apt  to 
become  distasteful — a  fact  which  is  important,  as  showing 
that  it  is  hardly  capable  of  supplying  indefinitely  that  vari- 
ety of  alimentary  matter  which  is  so  universally  demanded. 
The  flesh  of  the  ram  is  coarse  and  of  rather  a  disagreeable 
flavor ;  but  the  same  may  be  said  of  many  male  animals  that 
have  not  been  castrated.  The  flesh  of  the  goat  is  somewhat 
similar  to  mutton,  but  is  less  esteemed. 

Next  to  mutton  may  be  placed  pork.  This  kind  of  meat 
is,  perhaps,  most  frequently  used  after  it  has  been  preserved 
by  salting  or  smoking;  but  it  is  often  used  fresh,  and 
if  thoroughly  and  properly  cooked,  it  is  an  agreeable  and 
nutritions  article.  The  palate  will  not  tolerate  fresli  pork 
as  constantly  as  cured  ham,  bacon,  shoulders,  etc.  It  is  to 
be  remembered  that  cured  pork  occasionally  contains  the 
trichina  spiralis,  and  when  taken  into  the  stomach  un- 

cietj  of  Agriculture  of  France,  on  tbc  means  of  increasing  the  production  of 
cattle.  Chevreul  gives  the  precedence,  as  a  reparative  meat,  to  beef,  and 
takes,  for  purposes  of  comparison,  as  an  example  of  beef  of  the  first  quality,  an 
ox,  from  seven  to  nine  years  old,  which,  after  having  been  worked  at  the  ordi- 
nary labor  of  beasts  of  that  kind,  was  fattened  before  being  given  to  the  butch- 
er. He  expresses  the  opinion  that  the  meat  of  animuls  of  mature  age,  exposed 
to  the  fresh  air,  and  in  an  absolutely  normal  condition,  is  better  than  that  of 
**  precocious  "  animals,  or  those  that  have  been  fattened  with  abnormal  rapidity. 
This  is  an  important  point  to  consider  in  the  selection  of  all  kinds  of  meat.  A 
considerable  amount  of  fat,  especially  interstitial  fat,  is  desirable,  as  it  renders  tlie 
meat  more  tender ;  but  aside  from  this,  it  is  safe  to  assume  that  the  highest 
physiological  condition  of  the  animal  imparts  to  the  flesh  the  most  desirable  prop- 
ertiee  as  an  article  of  food. 
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cooked  tLese  pAmsites  find  flieir  way  into  tlje  miiselo^s  pro- 
dticing  ieriou^  dfgeaee^  and  sonietinies  death.  8inee  the 
disease  ciilled  trieliinlast^,  as  it  occurs  in  the  human  subject, 
was  first  described  by  Professor  Zenker,  of  Dresden,  it  lias 
been  fre<|nently  obiserved  and  carefully  studied  by  patholo- 
gists. In  pork  tainted  with  the  trichinaj  the  Titality  of  the 
parasite  is  destroyed  by  thorough  eooking.* 

The  fleah  of  various  non-domesticated  animals  is  esteemed 
liighly  as  foctd.  In  i5onie  paits  of  this  country,  btiffalo-meat 
is  largely  used.  This  h  somewhat  coarser  and  of  a  mare  de* 
cideil  flavor  than  beef,  bat  does  not  differ  in  iti?  physiologicfil 
properties*  Venison  is  a  meat  very  highly  esteemed «  This 
rambles  mutton,  but,  as  a  constant  article  of  diet,  is  by  no 
means  agreeable.  The  flesh  of  the  wild  l>oar  is  used  bb 
food  in  many  Enropeau  c^^TmtrieB.  It  is  darker  and  more 
lughly  flavored  than  ordinary  pork,  and  is  generally  regard- 
ed a  delicacy.  In  this  comitry  the  raccoon  {Proc^an  toi^r-)^ 
the  wocrtichnck  (Ardmi^j^  nW7um\  and  the  opossum  {IHdA- 
phis  Virginiand)  are  occasionally  eaten.  These  C4sin  hardly 
be  ranked  amgng  the  delicate  varieties  of  game.  They  am 
not,  however,  unpalatable,  but  are  excessively  fat.  Among  the 
rodeiitia,  we  have  the  hare,  most  abundant  in  Great  Britaio, 
the  rabbit,  and  the  squirrel,  which  are  very  commonly  used 
as  ibod*  Their  meat  is  well-flavored  and  nutritious.  The 
EngUsh  hare  is  very  highly  esteemed. 

The  flesh  of  many  animak  is  consumed  before  it  arrives 
at  maturity,  as  veal,  lamb,  sucking  pig^  etc.  As  a  rale,  this 
kind  of  me^it  is  whiter,  softer,  and  less  natritious  than  that 
of  the  adult  animal,  and  develops  in  cwking  less  of  tbat  aro- 
matic principle  which  adds  so  much  to  the  agreeable  flavor 
of  meats.  An  exception  may  be  made  in  the  case  of  lamb^ 
which  is  snfliciently  high-flavored,  and  h  rather  more  tender 

*  For  lui  accoiiat  of  mlcroseopic  examhiadons  of  the  mu^deifif  a  pftiietti  wito 
sulTcTed  frota  ttib  ilid«aflL*,  utid  (^xiittilEiAtioafl  of  tlit!  meiit  br  ^hieh  it  wm  prodiK^ed, 
Me  DaI.TO^,  Qiigi  witfw  on  Trkhin^  Spiralit. —  Ttanaaftiom  the  Ar»  Vark 
dmdm^  0/  JMidm^  Wi^  vol.  Ul 
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and  delicate  than  matton,  though  as  a  constant  article  of 
diet  it  is  not  so  nsefiil.  In  the  preparation  of  young  meats, 
it  is  necessary  to  carry  the  temperature  quite  high  and  cook 
very  thoroughly  to  develop  an  agreeable  flavor,  and  it  is  es- 
pecially necessary  to  have  the  surface  well  browned  in  order 
to  produce  the  agreeable  aroma  which  is  characteristic  of 
roast  veal,  pig,  or  lamb. 

Domesticated  and  non-domesticated  animals  belonging 
to  the  class  of  birds  constitute  important  and  highly  nutri- 
tive articles  of  diet.  They  are  also  useful  in  furnishing  that 
variety  of  food  which  is  so  necessary  to  proper  nutrition. 
Of  the  domestic  birds,  those  most  esteemed  are  the  common 
fowl  and  the  turkey.  These  should  be  thoroughly  cooked  in 
order  to  develop  to  the  highest  degree  their  characteristic 
flavor.  The  dark-meated  domestic  birds,  the  duck  and 
goose,  are  quite  commonly  used  as  food.  With  the  excep- 
tion of  the  fowl,  which  is  very  delicate  and  well-flavored 
when  young,  domestic  birds  are  generally  most  savory  and 
nutritious  when  they  have  arrived  at  maturity ;  though  after 
that  time  age  renders  the  meat  tough  and  indigestible. 

This  continent  presents  a  great  variety  of  wat  are  known 
as  game-birds.  Those  most  esteemed  are  the  partridge,  the 
quail,  and  the  yoxmg  prairie-chicken,  which  have  white  meat ; 
and  the  wild  goose,  swan,  duck  in  many  varieties,  plover, 
woodcock,  snipe,  and  birds  of  this  class.  The  well-grown  but 
immature  white-meated  birds  are  very  highly  esteemed.  The 
others  should  be  young  but  full  grown.* 

As  far  as  proximate  composition  and  nutritive  properties 
are  concerned,  the  flesh  of  birds  does  not  present  any  great 
diflTerences  from  that  of  the  mammalia.  It  is  to  be  remarked, 
however,  that  the  muscular  tissue  is  never  marbled  by  inter- 

'  Prairie-hens,  called  in  this  country,  grouse,  are  very  abundant  m  the  West- 
em  States.  When  young,  the  breast  and  wings  are  white,  but  these  parts  become 
dark  when  they  arrive  at  maturity.  Except  when  very  young,  these  birds  are 
not  so  highly  esteemed  as  other  varieties  of  game.  The  delicious  and  high- 
flavored  English  pheasant  is  not  found  in  this  country. 
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Btitial  deposits  of  fat,  PoultTy,  ag  a  rule^  is  ea&ilj  digested 
and  palatable^  when  properlj  prepared ;  but  the  game-birds, 
like  all  other  kinds  of  game,  are  yery  decidedly  flaTore*!  and 
become  distasteful  if  used  as  food  too  constantly.  The  young 
white-meated  birds  form  very  appropriate  article  of  diet  for 
persons  convaleseing  from  acute  diseaaeeL 

Ammal  Viseem,  do. — ^Although  the  muscmlar  Eubstanee 
t'onstitntea  the  most  important  parts  of  aniinak  used  as  fixidj 
e^ime  of  the  viscera  and  otlier  parts  are  oeeasionally  e^iteiL 
The  external  parts  are  the  feet  of  pigs  and  calyea  and  the 
skin  of  the  calPs  head^  wluch  are  reduced  to  a  gelatinons 
consistence  by  cooking.  They  seem  to  be  easily  disposed  of 
by  the  digestive  organs,  but  are  not  very  nutritiouB.  The 
nancreaa  and  thymus  of  the  calf  (feweet-breads)^  the  Id doe^ii 
01  the  calf  and  sheep,  the  liver  of  the  calfy  of  the  pig,  and  of 
birds^  the  stomach  of  the  ruminants  (tripe),  the  gi^zanl^ 
heart,  brains,  and  tongue,  all  contain  organic  alimentary 
principles,  nitrogeniised  and  non-nitrogenized,  and  may  be 
Ufesed  as  occasional  articles  of  diet,  but  cannot  permanently 
take  the  piace*of  the  muscular  tissue/  It  is  a  curious  physi- 
ological Ikct  tliat  blood,  the  fluid  whieh  contains  materiak 
for  the  nutrition  of  all  parts  of  the  animal,  does  not  appear 
to  be  a  nutritions  alimentary  substance.  Payeu  ascertained 
this  fact,  which  the  anivei^al  distaste  for  blood  as  an  article 
of  food  would  lead  ns  to  suspect,  by  experiments  on  pig^* 

'  Th&  c^kbrai^  pMi§  dt  foU  grm  afc  mflde  of  lite  lirers  of  geeae,  which  tre 
m^de  to  tuxdei^  b^pertropbjr  «Dd  ei^eei^Te  fattj  defesimiioii  bj  eooanini^  tiw 
Animttls  At  ft  bigb  tempcnture  in  ft  sumll  cagie^  and  stiifllitg  them  wlih  foo4  fte 
pMU  4e  StrOMhmtrff  ure  mjide  of  tbesc  tir^n,  prepftred  witb  tnsiics  and  citbef  ar- 
tiel^A,   Thef  ftre  ejtceBsivelj  ridi,  ftnd  nre  ofdiaarUj  considered  diilieult  of  ^ 

The  HiibBl^tice  of  Uit<  boDcs  docs  not  mU*r,  to  fttiy  eonifdcTublc  extent, 
Ibe  diel  of  tbe  btmun  iubjeet,  m  it  does  in  tbp  cfttnirorous  wnbuU^  The 
imeatsi^Hagtaidk,  detailed  m  Uie  report  pftlie   GdftUiie  Qotnaiia^ion 
iibuAtf,  Patift,  184 If  loine  ullL^  p.  254),  sbowc^  tbiit  dogt  e&n  lire  iadefimiflir 
A  diet  i't^mpoa^  extiusivdj  of  imeookBd  bofii^ 
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Aninial  Produds  used  as  Food — Eggs. — The  eggs  of 
various  birds  are  frequently  used  as  food,  but  those  of  the 
common  fowl  are  by  far  the  most  esteemed.  They  contain, 
necessarily,  all  the  principles  which  are  demanded  in  the 
development  of  the  chick,  and  are  exceedingly  nutritious. 
They  are  taken  sometimes  raw,  but  most  frequently  cooked, 
and  in  a  great  variety  of  forms  which  it  would  be  out  of 
place  even  to  enumerate.  The  white  of  egg  uncooked,  or 
imperfectly  coagulated,  is  ordinarily  more  digestible  than 
when  it  has  been  rendered  solid  by  prolonged  boiling. 

It  is  only  necessary  to  refer  to  the  composition  of  eggs  to 
appreciate  their  nutritive  value.  According  to  Payen,  the 
egg  contains  "  nitrogenized  substances  (membranes,  albu- 
men, vitelline,  extract  of  meat,  yellow  coloring  matter) ; 
fatty  matters  (margarine,  oleine,  cholesterine,  etc.,  margaric, 
oleic,  and  phospho-glyceric  acids) ;  a  saccharine  matter,  sul- 
phur, phosphorus,  and  mineral  salts  ;  phosphates  of  lime  and 
magnesia,  chlorides  of  sodium  and  pi)tassium,  carbonate  of 
aoda.^'  *  In  addition,  the  important  principle,  iron,  is  always 
found  in  the  ash  after  incineration.  The  white  is  composed 
chiefly  of  albumen  with  inorganic  salts ;  and  the  yolk,  of 
vitelline,  with  a  large  quantity  of  oil  in  the  condition  of  an 
emulsion. 

Milk, — ^At  certain  periods  of  life  milk  is  the  sole  article 
of  food,  and  it  must  be  regarded  as  at  all  times  one  of  the  most 
nutritious  and  important  of  the  animal  products,  being  used 
largely  in  its  natural  form,  and  furnishing  butter  and  the 
numerous  varieties  of  cheese  which  are  so  largely  consumed. 
The  composition  of  milk  affords  an  explanation  of  its  high- 
ly nutritive  properties.  It  contains  a  large  amount  of  ni- 
trogenized material,  composed  in  greatest  part  of  caseine, 
but  containing  albumen,  and  another  principle  not  very  well 
determined,  called  lacto-proteine ;  fatty  matter  in  abundance, 
composed  of  a  variety  of  principles  of  this  class  (oleine, 

'  Op,  cU.,  p.  130. 
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margariBe,  butyriue,  md  one  or  two  other  tmimpoirtant  ra^ 
rieties) ;  sugar  of  milk ;  coloring  matter,  and  fijialljr^  a  gteak 
variety  of  inorganic  salt^,  includiEg  a  combination  of  xrotu 

Cows'  tuilk^  which  k  tlie  variety  most  conimoiilj  used^ 
ha3j  according  to  Payen ,  the  followiug  composition ;  * 


WitCT.,,.  Sfl^O 

KttrafMied  SQlMtanc^  (caserne,  jLlbumeo,  lacto-pKiteiit^  m4  m^ttera 

flolubk  la  alcohol)  g  »  tf«  < •  #'90 

Lactoae  (sugar  of  milk  or  betuie)  S'iO 

Batter  (or  fiittj  iDiLtters)^,  $*70 

A  traee  of  f^oloring  and  urottiitlo  mAttera, 

i  Fhoapbaie  of  linio  j 
Battel  slightly  aokble  ]  "  magBesia  t  .  MS 

(        "  iroD  } 

(  Chlpriile  of  sodium  \ 

mMenHui  ''pQimsdum  L.....   

i  Pho(sph«te  and  kct&te  of  ioda  1 


The  qtiality  of  milk  U  usually  considered  with  refere 
to  its  reaction  J  specific  gravityj  and  ita  proportion  of  fr 
matter.  When  perfectly  fresh  it  is  neutral  or  sometimes 
sliglitly  alkaline.  In  a  short  time  it  becomes  faintly  actd^  and 
its  acidity  is  increased  by  the  transformation  of  a  portioQ  of  itb 
sugar  into  lactic  aeid,  imtU  this  becomes  sufficient  to  ooftg- 
ulate  the  caseine.  It  then  said  to  be  ioured^  and  separates 
into  the  cuid  and  whey.  In  this  gtate  it  is  not  unwholeso 
*  Op,tii.,p.  180. 

It  if  hafiUy  neoOMarf  to  doietibe  fullj  the  other  raneties  of  milk  wliea 
Died  aa  food,  Tho  milk  of  the  goat,  m^,  mure,  rem  deer,  tmd  fib^'p  unt  f : 
times  Hfled,  and  present  c«Ttain  di^t'reticeii  from  cowa^  milk.  In  geoend,  tbtf 
odorouB  principles  Are  distmetiTe.  Goats-  milk  (.'ootains  much  mofo  butt«r  Hid  m 
little  mor^  easelac  anil  than  cowa^  milk.  Ew^es"  milk  conUtnj  a  Ux^  escM 
of  cnaeiae  and  butter,  but  ii  r&ther  deficknt  in  sugar.  Asaa'  milk  oontaim  a  ni- 
fttivclj  small  proportion  of  caseine  and  butter,  aod  a  proportion  of  iu^r, 
Marea^  mUk  coniaitifl  a  very  lir^  proportion  of  sugar  (S  TG  per  bundrvd)^  •  msmXi 
proportion  of  eaaeiBe,  and  terj  little  butter,  Humnn  miik  contaioa  leis  wd&i 
tad  mofe  iugsar  and  butler  than  ^wn"  milk.  This  iriU  be  more  ftiUj  cotaadmA 
in  th«  Motion  dtiToled  to  aeeretioiL 
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and  to  some  persons  is  agreeable.  Its  specific  gravity  is 
about  1,030,  though  this  is  subject  to  considerable  variations. 
The  proportion  of  cream  in  milk  of  good  quality  is  from  ten 
to  fifteen  parts  per  hundred  by  volume.  Ordinary  milk 
hardly  contains  so  much.  Milk  that  contains  more  than 
fitlteen  per  cent,  of  cream  may  be  regarded  as  excessively 
rich.  These  indications  may  be  easily  obtained  by  allowing 
milk  to  stand  for  twenty-four  hours  in  a  graduated  glass 
tube.  These  little  instruments,  called  lactometers,  are  fre- 
quently used  for  testing  the  milk  of  wet-nurses.  It  has  been 
found  that  the  proportion  of  fatty  matter  in  cows'  milk  is 
much  greater  toward  the  end  of  a  milking  than  at  first.  In 
an  observation  by  Quevenne,  during  the  first  part  of  the  milk- 
ing the  proportion  of  cream  was  five  per  cent.,  during  the 
middle  period  fifteen  per  cent.,  and  dmdng  the  last  period 
twenty-one  per  cent.* 

The  diet  of  the  animal  has  an  important  influence  on  the 
quality  of  the  milk  and  butter.  Almost  every  one  is  famil- 
iar with  the  peculiarly  disagreeable  flavor  of  these  articles 
when  the  cows  have  had  access  to  leeks  or  onions.  Except 
when  animals  are  fed  in  pastures  of  great  richness,  the  best 
milk  is  obtained  by  feeding  judiciously  in  the  stable,  taking 
care  to  give  water  at  proper  intervals,  to  clean  the  animals 
carefully,  and  to  allow  suflScient  exercise,  with  opportunities 
for  rubbing  the  hide,  etc. 

Cream,  though  of  less  specific  gravity  than  milk,  under 
certain  conditions  is  much  more  nutritious.  Added  to  other 
articles  of  food,  it  frequently  corrects  defective  nutrition  more 
effectually  than  cod-liver  oil,  or  any  article  that  may  be  ex- 
hibited for  that  end.  It  contains  a  large  quantity  of  fat,  and 
has  a  very  delicate  and  delicious  flavor. 

Buttermilk,  the  residue  in  the  manufacture  of  butter, 
contains  all  the  constituents  of  milk  except  the  fatty  mat- 
ters, and  is  frequently  used  as  an  article  of  diet,  particularly 


*  In  Paten,  op.  cit,^  p.  145. 
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in  rural  districts.  It  is  agreeable,  eBsUy  digested,  and  eon- 
tains  a  considerable  amount  of  nutriment  It  is  freqnentlj 
uselril  in  tberapeuticSj  when  other  nutritious  articles  are  not 
well  borne. 

Butter. — The  onlj  variety  of  butter  used  as  food  is  that 
made  from  cowjs*  milk ;  from  which  it  is  extracted  by  mechan- 
ically breaking  up  the  oil  globules^  and  causing  their  fusion  into 
a  homogeneous  mass-  It  usually  contains  abcmt  one-sixth  of 
its  weight  of  buttermilk/  The  best  butter  is  made  out  of 
rich  milk  of  good  flavor^  and  contains  only  the  flavoring  prin- 
ciple of  the  cream,  which  is  but  slightly  alteretL  In  poor  fpali- 
ties  of  butter,  either  the  milk  has  been  inferior,  or  the  fatty 
acids  are  freely  developed.  In  this  country  bulter  is  gener- 
ally salted,  but  in  many  parts  of  Europe  it  u  used  fresh.  It 
is  an  exceedingly  important  article  o(  diet  in  all  parts  of  the 
civilised  world.  Its  important,  and  almost  its  sole  aliment 
ary  principlej  is  fat,  and  it  therefore  demands  no  considera- 
tion beyond  that  which  has  already  been  given  to  tlila  class 
of  principles, 

CTteese. — The  coagulated  nitrogenized  constituents 
milk,  combined  with  a  greater  or  leaa  quantity  of  butter  and 
inorganic  salts,  the  more  watery  portiona  having  been  re- 
mf>Yed  by  pressure,  constitute  the  important  article  of  food 
called  cheese.  In  this  cotmtrr,  cheese  is  ordinarily  m  pre- 
pared and  protected  that  it  will  keep  for  a  lengtli  of  time, 
and  it  becomes,  in  some  in  stances,  eoneiderably  improved  by 
age.  Its  mannlacture  constitutes  an  important  branch  of 
industry  in  many  sectionB,  particularly  tlmse  in  which,  from 
the  quulity  of  the  pasture^  the  milk  is  un usually  rich  and 
well-flavored.  In  the  ordinary  form  it  is  somewhat  salted^ 
and  pressed  into  immense  cakes  or  disks.    The  alterations 

'  pEKiitl,  Ttrntke  on  Food  an4 edited  b?  Oiaries  A.  T>p,  M.  D,  S«w 
Tork,  1843,  p. 
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which  cheese  nndergoes  are  usually  connected  with  the  de- 
velopment of  volatile  principles  from  its  fatty  constituents. 
In  addition,  it  is  sometimes  attacked  by  mould,  by  the  larvae 
of  a  peculiar  kind  of  fly,  and  by  the  ordinary  cheese-mite. 
The  blue  mould  is  thought  by  many  not  to  injure  the  qual- 
ity of  cheese,  and  some  even  regard  the.  development  of 
skippers  and  mites  as  an  improvement.  Ordinary  new 
cheese  is  a  highly  nutritious  article,  as  is  evident  from 
its  composition,  but  by  many  is  not  very  easy  of  digestion. 
Old  cheese;  taken  in  small  quantity  toward  the  close  of  a  re- 
past, undoubtedly  facilitates  digestion  by  stimulating  the  se- 
cretion of  the  fluids,  particularly  the  gastric  juice. 

The  following  is  the  composition  of  Cheshire  cheese, 
which  many  of  the  American  cheeses  closely  resemble  :  * 

Composition  of  Cheshire  Cheese. 


Water   85*92 

Nhrogenized  matters  (represeDting  4*126  of  nitrogen)   25*99 

Fattj  matters  (representing  41*11  for  the  cheese  desiccated)   26*34 

Salts  (bj  incineration)   4*16 

NoD-nitrogenized  matters  and  loss   7 '59 


100-00 

The  foreign  cheeses  which  those  made  in  the  United 
States  most  nearly  resemble  are  made  in  England ;  and  al- 
though the  real  Cheshire,  Stilton,  and  Cheddar  cheeses  are 
undoubtedly  the  best  of  their  kind,  they  have  been  very  suc- 
cessfully imitated  in  this  country. 

The  French  market  abounds  in  delicious  varieties  of 
cheese,  many  of  which  are  fresh  and  very  difierent  from  the 
articles  ordinarily  used  in  this  country.  Their  richness  and 
excellence,  as  indeed  the  good. qualities  of  all  cheeses,  depend 
upon  the  quantity  and  quality  of  their  fatty  constituents. 
The  fresh  Neufchatel  cheese  contains  8  per  cent,  of  nitrogen- 
ized  matter,  and  40  per  cent,  of  butter.*    Almost  all  of  the 

'  Faten,  op,       p.  209. 

■  This  variety  of  cheese  is  very  successfully  imitated  in  New  Jersey,  opposite 
Che  city  of  New  York,  and  is  frequently  sold  as  the  true  imported  article. 
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different  varieties  of  cheese  are  made  from  the  milk  ef  the 
cow  ;  but  tlie  celebrated  Roquefort  is  made  from  ewes*  milk, 
whittlij  aa  we  have  seen,  is  exc^ivelj  rich  in  butter. 

There  h  Jio  very  great  difference  in  the  varieties  of  cheese 
ns  regards  nutritive  properties^  except  that  soniej  particularly 
tiie  fresh  eheeseSj  are  more  easily  digester!  than  others.  The 
ditierent  varieties  are  severally  sought  after  on  fteeouot  of 
their  peculiar  flavor.  Some  of  the  imported  cheeses,  partic- 
ularly the  German,  if  we  may  judge  from  the  odor,  are  eaten 
after  putrefaction  has  considerably  advanced;  but^  tliongli 
taken  in  considerable  quantity,  they  seem  to  produce  no  ill 
effects  in  those  accustomed  to  their  use, 

f%9he9^  Meptile^^  MoUusks^  and  Crudaom. — ^The  yarieties 
of  fish  coufiunied  as  food  in  different  parts  of  the  world  are 
innumerable.  Many,  such  as  the  cod,  mackerel,  salmon f  and 
certain  %  ari^ties  found  in  the  gi'eat  interior  lakes  of  North 
America,  are  taken  in  immense  quantities  at  particular  sea- 
fions,  and  are  preserved  for  use,  either  by  ealting,  emoktng, 
pickling,  or  drying.  The  fletsh  treated  in  this  way  is  enpable 
of  nom'ishing  the  body  only  when  combined  with  other  arti- 
cles, as  the  processes  for  its  preservation,  particularly  salting, 
diminisjh  its  nutritive  value,  which  is  always  considerably 
below  that  of  meat.  As  an  article  of  diet  it  is  nevertheless 
important  in  contributing  to  the  necessary  variety  in  the  nu- 
tritive principles.  Though  ordinarily  but  an  accessory  article 
of  food,  fish  may  constitute  the  important  animal  element ; 
and  there  are  localities  where  the  inhabitants  subsist  almost 
entirely  upon  it,  and  are  well  nourished. 

The  muscular  tissue  of  fish  presents  the  same  comtituents 
as  that  of  the  higher  classes  of  animals,  but  the  proportion 
uf  solid  materials  is  smaller.  The  roe  (or  ovaries),  milt  (or 
testicles),  and  swhuming-bl adder  (or  sounds),  are  sometiJiies 
used  as  food^  and  in  some  varieties  of  fish,  as  the  shad  and 
eod,  are  highly  esteemed. 

We  shall  not  attempt  to  Bven  enumerate  the  varieties  of 
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tish  which  are  used  in  alimentation,  or  their  differences  in 
composition,  etc.  SnflSce  it  to  say,  that  a  great  number  are 
ranked  among  the  most  delicious  articles  of  food,  and  the 
skill  of  the  cook  is  taxed  to  the  utmost  to  prepare  them  for 
the  table.  Almost  all  kinds  of  fish  are  easy  of  digestion,  as 
every  one  can  bear  witness  from  personal  experience,  except 
perhaps  those  which  abound  in  oily  matters,  as  salmon,  eels, 
etc.  Fish,  to  be  eaten  in  perfection,  should  be  taken  at  the 
timo.  of  full  development  of  the  generative  organs,  but  not 
just  before  spawning,  nor  immediately  after.  The  male,  or 
soft-roed  fish,  is  considered  superior  to  the  female.  It  is  de- 
sirable always  to  eat  fish  as  soon  as  possible  after  they  are 
taken  from  the  water. 

The  food  of  fish  has  an  undoubted  influence  on  their 
quality.  It  is  now  not  unusual  to  confine  them  in  ponds, 
where  they  may  be  fed  and  fattened  till  they  grow  to  an 
enormous  size,  and  become  exquisitely  delicate  in  flavor. 
By  carefully  protecting  the  spawn  and  the  young  fish  they 
may  be  multiplied  to  a  prodigious  extent ;  for  the  eggs  de- 
posited by  a  single  one  in  a  season  are  numbered  by  thou- 
sands. 

The  flesh  of  fish  resembles  young  meat  in  requiring  thor- 
ough cooking  to  develop  its  flavor  and  render  it  easy  of  di- 
gestion. 

In  the  class  of  reptiles,  certain  varieties  of  the  turtle  are 
the  most  important  as  articles  of  food.  The  large  sea-turtle, 
known  as  the  green  turtle,  weighing  sometimes  several  hun- 
dred pounds,  is  used  chiefly  for  soups.  The  flesh  is  some- 
times cut  into  steaks  and  broiled,  but  is  not  very  much  es- 
teemed in  that  form.  A  small  animal  of  this  class,  the  salt- 
water terrapin  {Emya palmtrk),  about  six  inches  in  length, 
is  found  in  its  perfection  in  brackish  streams  near  certain 
parts  of  the  Atlantic  coast  of  the  United  States.  This  is 
considered  one  of  the  greatest  delicacies  peculiar  to  this 
country.  It  is  highly  nutritious,  its  flavor  is  very  decided, 
and  is  to  most  persons  very  agreeable.    Various  (rf  the  small 
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liesh- water  turtles  are  used  for  coar^  fioupsj  but  are  Hoi 
much  esteemed ;  except^  perliapSj  tlie  gopher  {Tatwlo  poly- 
p/ternm)^  which  u  umd  to  &ome  extent  in  the  Southern 
Stat^.  The  meat  of  turtles,  when  boiled,  becomej^  white, 
and  resembles  veal  in  iu  general  appearance. 

The  hind  quaileiB  of  the  larger  vai'ietiea  of  the  frog  {lianu 
esetUeiita  and  Mmm  caieStmna)  are  gometimes  cooked  and 
eaten.  Though  it  is  a  cjommon  impression  that  this  article 
iii  chiefly  used  on  the  continent  of  Europe,  it  is  probably  m 
f  omnioti  in  certain  parts  of  this  countrj^  as  anj^where.  The 
flesh  m  white,  delicate^  without  raueh  flavor,  and  but  slj*i;htly 
uutritiom. 

In  some  of  the  wild  and  unsettled  parts  of  the  North 
Americivn  continent,  snakes,^  particularly  the  rattlesnake 
(genus  Croialus)^  are  sometmies  cooked  and  eaten,  though 
not  very  frec|uently  as  a  matter  of  ehoice. 

Bep  tiles  are  not  used  as  food  tn  guflaciant  abundance  to 
constitute  imj*ortant  alimentary  articles*  The  flesh  is  not 
very  nutritious,  and  they  must  be  considered  siinplj  m  occa- 
sional articles  of  luxury. 

The  most  important  article  of  food  belonging  to  the  class 
of  mollusks  is  the  oyster.  In  addition  there  are  the  different 
varieties  of  clams— the  salt-water  clams  being  most  esteemed 
— mussels,  scallops,  and  a  kind  of  Binail  called  the  eBcargoL 
The  oyster  in  this  country  is  an  important  article  of  diet,  but 
the  other  m<jllusks  are  little  used.  Clams  are  chiefly  used  for 
soups.  The  flavor  is  agreeable,  but  the  clams  themselves  are 
not  generally  much  esteemed.  Mussels,  seal  lops,  etc^  are  not 
much  used  as  article  of  luxury-  Snails  are  consumed  in 
France,  but  are  used  veiy  little  elsewhere. 

The  oyster  in  its  greatest  perfection  exists  in  artificial 
l>e<ls  along  certain  parts  of  the  sea-coast  of  the  United  States, 
Statistics  are  wanting  to  show  the  eitent  to  which  oYsters 
are  consumed  in  the  large  seaport  cities,  but  the  quantity  is 
enormous,  to  say  notliing  of  those  which  are  traasported  lu 
the  mterior  in  kegs  and  cana.    The  best  American  oysters 
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are  large  enough  to  be  cooked  in  a  variety  of  ways,  and  their 
flavor  when  developed  by  cooking  is  superior  to  that  of  any 
in  the  world.  They  are  frequently  taken  raw,  when  the  small, 
firm,  and  salt  oysters  are  most  esteemed.  Taken  in  this  way 
they  compare  favorably  with  the  best  European  oysters; 
but  have,  perhaps,  hardly  the  delicacy  of  flavor  of  the  cele- 
brated Ostend  oysters.*  Aside  from  peculiarities  in  difierent 
individuals  with  regard  to  the  digestibility  of  particular  ar- 
ticles, the  oyster  must  be  considered  as  highly  nutritious  and 
easily  digested.  It  is  acted  upon  by  the  digestive  fluids  more 
easily  in  the  raw  state  than  when  cooked,  even  in  the  sim- 
plest manner.  Proximate  analyses  of  the  oyster  show  a 
considerable  quantity  of  organic  nitrogenizcd  matter,  fat, 
and  the  inorganic  salts.  The  proportion  of  solid  matter  is 
about  five  per  cent.' 

The  liquor  contained  in  the  oyster-shell  is  also  used,  es- 
pecially in  cooking.  It  is  impregnated  with  the  flavor  of  the 
oyster,  and  contains  a  small  quantity  of  nitrogenizcd  and 
non-nitrogenized  matter. 

Many  varieties  of  the  Crustacea  are  used  as  food ;  but  they 
are  important  simply  as  articles  of  luxury,  and  as  contrib- 
uting to  the  necessary  variety  in  the  diet.  These  are  gener- 
ally spoken  of  as  shell-fish,  a  name  which  is  sometimes  un- 
derstood to  include  the  moUusks.  The  most  important  arti- 
cles of  this  class  are  lobsters,  crabs,  and  shrimps.  As  a  gen- 
eral rule,  the  flesh  of  the  Crustacea,  though  reputed  to  be 
quite  nutritive,  is  diflScult  of  digestion.  In  this  country  tfie 
ordinary  lobster,  and  the  crab  just  after  it  has  shed  its  shell 
(the  Boft-shelled  crab),  are  most  highly  esteemed. 

*  Id  Europe,  scTeral  dozens  of  oysters  are  frequently  eaten  as  a  preparation 
to  the  more  solid  portions  of  a  dinner ;  and  when  taken  at  other  times,  tbey  are 
ctten  by  fifties  and  hundreds.  In  this  country  the  oysters  arc  so  large  that  a 
dozen  is  considered  a  Tery  faur  allowance  at  any  time. 

•  Payen  (op.  dt^  p.  221)  gives  the  proximate  composition  of  the  French  oys- 
ter, which  probably  does  not  diflfer  much  from  other  varieties  except  in  size 
and  flavor.    The  proportion  of  nitrogenizcd  matter  is  about  14  parts  per  100. 
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The  preparatioTi  of  food  bv  cix^king  is  designed  to  disin- 
tegrate its  tissue,  to  develop  flavors  which  will  be  agreeable 
to  the  taste  and  stmudate  the  secretion  of  the  digestive  fluids, 
and  to  prepare  the  alimentarj  principles  m  that  thev  may 
be  readily  separated,  liquefied,  and  fijsally  absorbed.  Many 
of  the  culinary  processes  aeeomplish  these  ends,  but  others 
are  eminently  mi  physiological  Fortunately  the  latter,  as  the 
rule,  do  not  render  tlie  food  more  agreeable  to  the  palate* 

One  of  the  most  important  questions,  in  a  chemic*>phyd' 
lological  point  of  view,  eonueeted  with  the  preparatioE  of 
animal  food,  is  with  regard  to  the  principles  which  are  ei- 
traetetl  from  the  various  meats  by  prolonged  boiling  in  water ; 
for  this  is  the  mode  of  cooking  which  is  Irequently  employed 
in  hospitals  and  other  institutions  where  it  is  desirable  to  pre- 
sent in  the  articles  of  diet  an  exact  amount  of  nutritive  ma- 
teriaL  This  important  subject  has  been  investigated  by  the 
many  eminent  physiologists  and  phyiiolDgieal  chemista, 
among  whom  may  In*  mentioned  as  most  conspicuotis,  Ma- 
gendicj  Chevreul,  Liebig,  and  Payen. 

By  subjecting  meat  to  prolont^ed  and  gentle  ebullition  in 
water,  certain  principles  are  volatili2ed  and  given  off.  These 
are  ammonia  in  smaU  quantity,  an  odorous  principle  pecu- 
liar to  the  kind  of  meat  used,  and  certain  volatile  acid  prin- 
ciples. Certain  of  the  constituents  of  the  meat  may  be  dis- 
solved by  maceration  in  cold  water,  and  quite  a  number  of 
oi^anic  principle's  are  dissolved  by  boilin^r,  Wliile  it  moi^t 
lie  acknowledged  that  the  concentrated  animal  broths  present 
a  considerable  amount  of  nutritive  material  in  a  condition  In 
which  it  IS  very  easily  digested,  chemical  analysis  shows  &uch 
a  email  proportion  of  solid  matter  that  we  ai*e  surprised  that 
they  poeaess  so  much  nutritive  power.  Soup  ordinarily  eon- 
tains  a  small  quantity  of  gelatine,  fonned  by  a  transforma- 
tion and  sr>Uition  of  some  of  tlie  organic  matt^er  of  the  bones 
and  the  fibrous  tissue^  creatinCj  an  organic  nitr*igemEed  mat 
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ter  formerly  called  OBmazome,  and  numerous  inorganic  salts. 
The  proportion  of  solid  matter  in  soups  is  ordinarily  from 
nine  to  ten  parts  per  thousand.  Coagulated  albumen,  a 
portion  of  the  fat,  and  certain  inorganic  salts  are  removed  in 
the  scum.  The  boiled  meat  contains  miLsculine,  somewhat 
hardened  and  corrugated,  coagulated  albumen,  fat,  and  in- 
organic salts.  In  the  preparation  of  the  different  poups,  va- 
rious vegetables  are  commonly  used,  which  add  to  the  flavor 
and  supply  a  certain  quantity  of  nutritive  matter. 

The  following  formula,  the  result  of  numerous  experi- 
ments, is  now  adopted  for  the  preparation  of  soup  for  the 
hospitals  and  civil  charitable  institutions  of  Paris.* 

Formula  for  making  Soup, 

For  20  KuL  of  bouiUan, 

W4t€r   20  gal.  (75  lit.) 

Meat,  weighed  with  the  bones   68  lb.  10  oz.  (31*245  grummes  ) 

Vegetables   13  lb.  10  oz.  (6  240      do.  ) 

Bait   1  lb.  rijt  oz.  (0-840      do.  ) 

Burnt  onions  (baked  in  an  oven  until  desiccated)  7|  oz.  (0.220     do.  ) 

The  capacity  of  the  kettles  used  should  never  exceed 
twenty  gallons,  as  in  larger  vessels  the  pressure  on  the  lower 
strata  of  the  liquid  causes  the  temperature  to  rise  too  high, 
and  the  aroma  is  thereby  in  part  destroyed.  The  meat 
should  be  cut  off  from  the  bones  and  tied  with  strong  cords 
into  packages  of  nine  or  ten  pounds  each.  The  bones  should 
be  broken  up  and  placed  in  the  bottom  of  the  kettle.  The 
packages  of  meat  should  then  be  placed  upon  a  grating  or 
perforated  false  bottom,  above  the  bones.  Twenty  gallons 
of  cold  water  are  then  poured  in,  the  whole  is  raised  to  the 
boiling  point,  and  the  scum  is  removed  as  it  fonns.  It  is 
kept  gently  boiling  for  two  hours,  during  which  time  it  is 
constantly  skimmed.  Between  the  first  and  second  hour, 
when  the  skimming  is  nearly  completed,  the  vegetables  with 

*  Pate3C,  op,  eit.,  p.  101.  The  weights  and  measures  have  been  reduced  from 
the  French  to  the  English  standard. 


the  burnt  onions  are  introduced  encloied  in  a  net-bag.  A 
gentle  ebullition  m  tlieo  maintained  for  fonr  or  fire  lioiirs. 
The  fire  is  tlien  extingiii&liedj  and  after  al>oiJt  an  hour  Hie 
Tegetable.^,  the  meat^  and  the  houUion  are  taken  out.  When 
the  latter  is  to  be  nsed^  the  eongealed  fat  is  taken  &om  the 
top,  and  the  homily  is  mixed  with  about  the  same  quanti 
of  water  and  heated  to  make  the  ei>np. 

The  BLmplest  and  mmt  rational  mode  of  cooking  meftts  m 
by  roasting  or  broiling,  both  of  t]ie»e  methods  being  eesendaU 
the  same  in  their  operation.  In  tliis  waj  none  of  the  nuirien 
principles  are  lost,  and  the  flavor  i>ecaliar  to  each  variety  of 
meat  ig  most  eft'ectually  deveh^ped  and  pi^eeerved-  These 
operations  should  be  so  conducted  that  the  most  superficial 
portions  of  the  meat  are  suddenly  exposed  to  a  temperature 
of  from  212*  to  270*  Fahr, ;  while  in  the  interior  the  tem- 
perature ranges  from  125*  to  150^.  In  this  way  the  exter- 
nal parts  are  cornigated  and  hardened,  so  as  to  retain  all  of 
the  juicesj  which  are  set  free  to  a  considerable  extent  by  the 
more  moderate  heat  in  the  interior.  The  nutritive  principle 
of  cooked  meats  seem  to  be  more  readily  assimilated  when 
the  red  e^sloring  matters  are  not  thoroughly  coagulated.  The 
art  in  broiling  or  roasting  depends  niKin  an  observanc*e  of 
these  cardinal  principles.  These  rulesi  are  specially  appii* 
cable  to  the  fully-developed  meata  and  to  the  dark-meated 
birds.  Young  meats,  such  as  real  or  lamb,  and  the  white- 
meated  birdsj  require  a  higher  temperature  thr^^ughout,  and 
a  more  thorough  cooking. 

Many  meats  are  well  prepared  by  b«:>iUng^  when  the  ob- 
ject is  to  cook  thoroughly  and  render  the  meat  tender,  but 
to  extract  as  little  of  the  juices  as  possible.  For  this  purpoise 
salt  is  generally  added  to  the  water  at  first.  The  meata 
should  be  placed  in  cold  water  and  l^oile*!  over  a  sharp  fire. 
If  put  iuuned  lately  into  lx)iling  water,  the  ti^uo  l>ecomes 
toughened.  In  stewing^  meats  are  rendered  tender  and 
the  juic<?s  are  extracted  but  are  preserved  in  the  gravy.  In 
baking,  the  interior  of  the  meat  is  subjected  to  a  higher  tera- 
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perature  than  is  desirable,  which  has  rather  an  unfavorable 
influence  on  its  flavor  and  digestibility. 

All  who  have  investigated  the  physiological  relations  of 
cooking  declare  that  frying  is  the  most  objectionable  mode 
of  preparation  of  meat.  The  temperature  to  which  the  meat 
is  exposed  in  this  proems  is  very  high,  and  the  flavor  and 
nutritive  properties  are  thereby  greatly  impaired.  Meats 
prepared  in  this  way  should  be  coated  with  crumbs  or  batter, 
which  prevents,  to  some  extent,  the  penetration  of  the  hot 
fat 

It  is  unnecessary  to  discuss  the  methods  employed  in  the 
preparation  of  the  mollusks,  Crustacea,  etc.,  which  are  to  be 
regarded  generally  as  articles  of  luxury ;  and  a  consideration 
of  condiments,  spices,  and  various  vegetable  articles  used 
in  refined  cooking  would  be  out  of  place,  as  they  refer  chief- 
ly to  the  taste,  and  have  no  direct  bearing  on  nutrition. 
Some  articles  are  most  palatable  when  cooked  in  the  {sim- 
plest way ;  but  others  are  improved  by  the  addition  of  fla- 
voring principles,  among  the  most  remarkable  of  which  is 
the  world-renowned  truffle,  which,  when  judiciously  used, 
imparts  its .  delicious  perfame  to  the  meat,  but  takes  away 
nothing  of  its  peculiar  flavor.  The  truffle  is  especially  es- 
teemed in  the  cooking  of  white-meated  birds. 

When  we  come  to  consider  specially  the  difierent  diges- 
tive processes,  it  will  be  seen  that  proper  preparation  of  food 
greatly  facilitates  its  digestion  and  assimilation.  In  the 
hygiene  of  armies,  of  charitable  institutions  and  hospitals, 
and  of  individuals,  there  are  few  things  more  important  than 
an  observance  of  the  great  physiological  principles  of  the  art 
of  cooking. 

Aliments  derived  from  the  Vegetable  Kingdom, 

We  have  seen  that  some  of  the  most  important  aliment- 
ary principles  are  derived  from  the  vegetable  kingdom. 
Starch,  and  preparations  which  are  composed  chiefly  of 
this  principle,  sugars,  and  the  vegetable  oils,  have  already 
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been  considered  with  raflScieiit  raiDUtene^,  It  roniains 
now  to  ti*eat  of  the  composition  and  properties  of  Rime 
of  the  mure  important  vegetables  and  the  articles  which  are 
made  fi^im  thenij  partieiilai*ly  the  diflerent  kinds  of  brea*L 
The  various  fniits,  many  of  which  are  mere  articles  of  luxm^y, 
demand  only  a  pacing  mention. 

Cerml  Gmins. — The  cereal  grains  commonly  used  m 
food  are  wheat,  Indian  com,  rye,  bnckwheat,  oat^^  barley, 
and  rice*  Wheat^  com,  rye^  buckwheat,  and  oats,  are  gen- 
erally  ground,  freed  from  the  bran,  and  the  flour  or  meal  is 
made  into  bread,  cakea,  gnielj  or  porridge.  Barley,  rice, 
and  green  eom^  are  frequently  taken  alter  simple  boiling. 
The  articles  made  from  these  diifereut  grains  possess  differ* 
ent  nutritive  j»roperties,  though  they  are  all  mure  or  lesft 
important,  Wheaten  flour  h  the  only  pi^pamtion  of  the 
cereals  capable  of  making  that  most  important  of  all  aliment- 
ary articles,  good  bread.  The  mechanical  pro].>erti€5  of  moifit 
a:luten  enable  Tk^  to  form  from  flour,  by  the  process  known 
ad  raising,  a  light,  porous  bread,  which  is  entirely  diffcn  Tir 
from  articles  manufactured  from  meal  of  any  other  kind. 

Wheat  must  be  considered  as  by  far  the  most  nutritiuii^ 
of  all  grains.  It  contains^  alter  desiccation^  li-oni  fifty  to 
seven ty-five  per  ceut,  of  starchy  from  ten  to  twenty  per  cent^ 
of  nitrogen iase-d  niatterSj  about  two  per  cent,  of  iatty  matter^ 
six  to  ten  per  cent.  L»f  dextrine  and  sugarj  two  to  three  per 
cent,  of  inorganic  ealtSj  and  a  certain  quantity  of  cellulose* 
It  is  distfnguishcd  from  all  other  grains  bv  its  large  propor- 
tion of  glntine.  When  we  come  to  consider  tbe  c^Limposition 
and  properties  of  bread^  we  will  see  the  great  iniportatiee  of 
this  principle. 

Com  is  distingnitshed  from  other  grains  by  its  lai^d  pro- 
portion of  oily  matter  (between  eight  and  ten  per  cent^), 
by  a  peculiar  odorous  principle,  and  by  it^  email  propor- 
tion of  nltrogenized  matter.  It  contains  a  larger  propor* 
tion  of  indigestible  vegetable  tisane  than  any  of  the  grains. 
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excepting  oats.  In  this  country,  some  of  the  earlier  and 
more  tender  varieties,  commonly  called  sweet  com,  are  used 
as  a  fresh  vegetable,  being  simply  boiled  or  roasted ;  and 
in  this  form  are  nutritious,  and,  as  a  rule,  easily  digestible. 
Com-meal  is  used  in  the  preparation  of  what  is  called  corn- 
bread  and  various  cakes  and  puddings.  Com -bread  is  a  very 
common  article  of  diet  in  the  Southem  States.  Articles  made 
from  cora-meal  cannot  take  the  place  of  wheaten  bread ;  and 
when  not  carefully  prepared  are  apt  to  cause  diarrhoea  in 
persons  not  accustomed  to  their  use.  On  account  of  the 
proportion  of  oil,  com  and  com-meal  are  very  usefiil  in  fat- 
tening animals,  particularly  swine.  In  the  large  cities  of  the 
United  States  and  in  Europe,  com-meal  is  not  a  very  im- 
portant article  of  diet. 

Kye-meal  is  sometimes  used  to  make  bread.  The  bread 
is  more  compact  than  wheat-bread,  has  a  peculiar  taste,  a 
brown  color,  and  is  less  nutritious.  In  many  parts  of  the 
world  rye  is  used  instead  of  wheat  on  account  of  its  cheap- 
ness ;  and  in  this  country  it  is  sometimes  used  with  the  idea 
that  it  is  more  digestible  and  nutritious.  It  makes  very  good 
bread,  but  cannot  take  the  place  of  wheat.  In  composition 
rye  is  distinguished  from  wheat  in  containing  less  nitrogen- 
ized  matter  and  a  larger  proportion  of  dextrine  and  sugar. 

Buckwheat  does  not  differ  materially  from  rye,  except 
that  it  contains  very  much  less  dextrine  and  sugar.  In  this 
country  it  is  seldom  used  except  in  making  baked  cakes, 
which  are  here  very  highly  esteemed.  In  some  of  the  poorer 
sections  of  the  old  world,  buckwheat  mixed  with  wheat-flour 
is  used  in  making  bread ;  but  this  is  only  on  accoimt  of  its 
cheapness,  for  it  does  not  improve  the  flavor  of  bread,  and  is 
much  inferior  to  wheat  in  nutritive  properties. 

Oat-meal  is  not  an  important  article  of  diet  in  this 
country,  though  it  is  largely  used  in  Scotland  and  some  of 
the  northern  parts  of  England.  It  contains  a  large  propor- 
tion of  oil,  over  five  per  cent.,  with  peculiar  aromatic  princi- 
ples. It  is  very  much  used  as  food  for  horses ;  and  for  this  pur- 
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pose  no  other  grain  eaii  take  its  place.  The  oat-eakes,  wliich 
ar©  so  commou  in  Scotland,  are  apt  to  pruduce  diarrhiea  in 
persons  not  accui^tomed  to  their  use. 

Barley  is  not  a  very  important  article  of  diet.  In  com- 
position it  rt'sseniblea  rje*  Barlev-waterj  a  mucilaginous 
drink  made  hy  boiling  barlev,  contains  gum  and  a  small  pro- 
portion of  nutritive  matarialj  and  is  often  n&ed  in  therapeu- 
tics as  an  agreeable  demulcent  drink-  Malt,  which  is  so 
largely  used  in  brewingj  is  produced  from  barley  which  has 
been  made  to  germinate  by  heat  and  moisture.  It  is  in  this 
process  that  the  term  en  t  called  diastase  h  produced. 

Rice  is  produced  in  abundance  in  low^  swampy  lands  in 
certain  partj  of  the  United  States,  particularly  South  Cano* 
lina.  iliUions  of  people  in  Eastern  countries  are  said  to  sub- 
fiist  almost  exclusively  on  this  article.  For  this  reason  it  is 
regarded  by  many  as  highly  nutritive,  though  analvBis  shows 
that  it  contains  a  coinparatively  stnall  proportion  of  uitro- 
genized  matter,  its  chief  ingredient  being  starch.  The  pro- 
portion of  starch  in  rice  is  nearly  ninety  jjer  cent.  It  is  prob- 
able that  the  nutritive  projverties  of  rice  have  been  much 
exaggerated.  When  it  constitutes  the  greater  part  of  the  foml, 
it  is  consumed  in  enormous  quantities;  and  in  those  conn* 
tries  iu  which  the  inhabitants  are  said  to  live  exclusively 
upon  it,  other  articles  which  contain  an  abundance  of  fatty 
and  nitrogenized  principles  are  mixed  with  it.  Although 
rice  is  considerably  used  in  civili;5ed  countries,  it  is  not  a  very 
important  aiticle  of  diet.  It  is  iised  chiefly  in  puddings,  del- 
icate cakes,  and  sometimes  in  soups^  or  simply  boiled. 

Bread. 

There  is  probably  no  animal  nor  vegetable  artide  of  food 
that  presents  so  admirable  a  combiuatiim  of  alimentary  prin- 
ciples as  that  which  is  appropriately  denominated  *^the  staff 
of  lite."  This  fact  is  corroborate<l  by  its  universal  accept- 
ance  as  the  prinie  article  of  diet  in  all  civilized  countriee* 
It  is  an  Hrticle  which  never  becomes  <Jistastefid  from  monot* 
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oiiy,  demonstrating  in  this  how  completely  it  meets  the 
wants  of  the  system.  A  comparison  of  the  composition  and 
properties  of  the  diflTerent  cereal  grains  has  made  it  evident 
that  in  the  manufacture  of  bread  nothing  can  take  the  place 
of  the  alimentary  principles  contained  in  wheat.  Of  the  dif- 
ferent varieties  of  wheat,  that  which  is  known  as  the  hard 
grain  makes  the  best  and  most  nutritious  bread.  In  some  of 
the  poorer  sections  of  the  old  world  the  quality  of  the  bread 
is  impaired  by  the  mixture  of  rye,  buckwheat,  etc.,  with 
wheaten  flour ;  but  in  this  country  this  is  never  done,  and,  as 
the  rule,  the  quality  of  bread  depends  entirely  on  the  skill 
employed  in  its  manufacture.  It  is  evident  that  there  are  few 
questions  connected  with  alimentation  which  have  greater 
importance  than  the  scientific  principles  involved  in  the 
making  of  bread.  In  this  particular  we  may  safely  follow 
the  French,  as  they  undoubtedly  make  the  best  bread  in  the 
world.* 

Of  course,  the  starting-point  in  the  manufacture  of  good 
bread  is  to  have  good  flour,  in  the  production  of  which  this 
country  is  unsurpassed.  The  first  operation  in  making  bread 
is  to  mix  with  one  hundred  parts  of  flour  from  fifty  to  sixty 
parts  by  weight  of  water,  adding  a  little  salt,  and  fresh  yeast 
in  the  proportion  of  about  half  an  ounce  to  ten  pounds.  The 
mass  is  then  thoroughly  kneaded  until  it  forms  an  elastic, 
homogeneous  dough.  Some  bakers  are  in  the  habit  of  adding 
to  the  dough  a  little  potato  and  alum ;  but  these  must  be 
r^arded  as  adulterations,  although  the  potato  is  not  inju- 
rious. When  the  dough  has  been  thoroughly  kneaded,  the 
gluten  is  so  mixed  with  the  other  ingredients  and  is  so  tena- 
cious and  elastic,  that  the  surface  will  not  be  broken  by  the 
gas  which  is  to  be  evolved  in  its  interior.  It  is  then  divided 
into  loaves,  and  set  aside  for  from  six  to  eight  houi^s,  at  a 
temperature  of  from  80**  to  100*"  Fahr.,  to  "rise." 

'  The  essential  parts  of  the  process  of  making  bread  are  taken  from  the  ad* 
mirable  work  of  Payen,  which  has  alreddy  been  so  frequently  alluded  to  in  con- 
nection with  alimentation. 
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The  process  of  raising  or  fermentation,  called  sometimai 
pamficatioiij  is  characterized  bj  several  important  changes 
in  the  composition  of  the  flour.  These  ehangcss  nmy  U%ke 
place  spontaneously  from  dec^inpositioa  of  the  gluten  and 
its  action  m  a  ferment,  or  they  may  be  induced^  as  is  oom- 
monly  the  caae^  by  yeasty  or  by  gluten  already  in  proce^ 
of  decomposition,  called  leaven.  The  proceaa  of  panifica- 
tioii  involves  thi*ee  kinds  of  actionj  viz,,  the  alcoholic,  the 
acetic,  and  the  lactic  acid  fermentation.  The  alcoholic  fer- 
mentation is  due  to  a  decomposition  of  the  small  proportion 
of  sugar  which  ther  dough  contains  into  carbonic  add  and 
aleohoL  But  this  h  not  the  only  sonrce  of  these  prineiplea, 
A  certain  quantity  of  the  starch  is  converted  firgt  into  dex- 
trine and  afterward  into  sugar,  which  finally  undei^oes  al- 
coholie  fermentation.  The  evolution  of  gaa  in  thia  way 
raises  the  dough,  and  forms  little  cavitiea  in  the  bread,  which 
give  it  its  peculiar  porous  character ;  the  elajsticity  and  te- 
nacity of  the  gluteu  allowing  the  dough  to  swell,  and  t*etain- 
ing  the  gas  in  its  interior.  As  gluten  is  particuliirly  abun- 
dant in  wheaten  floury  it  is  from  this  only  that  good  %ht 
breafl  can  be  made. 

"When  the  dougfi  ha;s  been  suffieiently  raised,  it  is  put 
into  the  oven  and  baked.  The  apphcation  of  heat  at  first 
increases  the  development  of  gas,  but  when  the  temperature 
is  raised  to  212°^  the  prcK;ess  of  fermentation  is  arrested ;  and 
afterward  the  baking  dimply  cooks  and  fixes  the  dough  in  Its 
expanded  condition.  The  alcohol  generated  in  the  proceas 
of  raising  is  volatilized  and  driven  off  in  the  baking/  The 
superficial  portions  of  the  loaf  are  exposed  to  a  temperature 
of  about  375^,  by  w^hich  they  are  hardened,  forming  the  crust, 
and  a  portion  of  the  starch  before  unaltered  is  transformed  into 
dextrine.   It  is  well  known  that  the  crust  of  bread  contains 

'  A  nirmber  of  yc^rs  ngo  a  pnttMit  was  taken  odt  la.  EogUnd  for  pTooeas 
oolleoltng  the  alcoliol  etolred  m  baking:  bread.   The  project  iucceedcd  n  ihr 
cdbftiog  the  atcnhcl  was  conf^med,  but  Mled     a  commefdAl  opera ticHi.  (Ps^ 
IKtmi,  7)mim  m  Ftto^l  and  BiH,        York^  ISia,  p.  HT.) 
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more  soluble  matter  than  the  interior.  The  temperature  of 
the  interior  is  not  raised  much,  if  any,  above  212®.  The 
acidulous  fermentation  takes  place  to  a  limited  extent  even 
in  good  white  bread ;  but  this  is  apt  to  proceed  further  than 
is  desirable  if  the  dough  be  allowed  to  ferment  too  long.  In 
that  case  the  bread  is  sour  and  indigestible. 

Brown  bread  may  be  made  either  of  unbolted  flour,  or  of 
flour  to  which  a  small  quantity  of  bran  has  been  added.  A 
bread  called  bran-bread  is  made  of  an  excess  of  bran  with  a 
small  quantity  of  flour.  The  bread  formerly  issued  to  the 
French  soldier  {pai/n  de  munition)  was  made  from  flour  with 
only  15  per  cent,  of  its  bran  removed ;  unbolted  flour  con- 
taining about  twenty  per  cent.  The  color  of  this  kind  of 
brown  bread  is  due,  not  to  tlie  color  of  the  bran,  but  to  pe- 
cuUarities  in  the  process  of  panification.  In  the  bran  is 
contained  a  peculiar  principle  called  cerealine,  which  is  ca- 
pable of  becoming  a  very  active  ferment.  The  eflect  of  its 
action  is  to  change  starch  into  dextrine,  then  into  sugar,  and 
finally  into  lactic  acid.  Its  most  important  influence,  how- 
ever, is  exerted  upon  the  gluten.  This  it  transfonns  into 
ammonia,  a  peculiar  brown  substance  which  gives  the  color 
to  the  bread,  and  a  new  ferment  capable  of  transforming  su- 
gar into  lactic  acid.  These  changes  may  take  place  to  some 
extent  in  bread  which  is  inferior  in  quality  from  being  al- 
lowed to  ferment  too  long,  so  that  the  acidulous  action  pre- 
dominates. Brown  bread  is  not  as  light  as  bread  of  the  best 
quality,  and  contains  less  gluten,  a  considerable  quantity 
having  undergone  transformation  into  ammonia  and  brown 
coloring  matter.  It  is  not  so  easily  digested,  from  the  fact 
that  it  is  less  easily  penetrated  by  the  gastric  juice.  Yerv 
fresh  bread,  particularly  if  it  be  warm,  is  less  easily  digested 
than  after  it  has  been  allowed  to  become  "  stale."  In  this 
fitate  the  process  of  mastication  compresses  it  into  pasty 
masses  which  are  not  easily  penetrated  by  tlie  digestive 
fluids ;  while  bread  eaten  a  few  hours  after  baking  is  dii^inte- 
grated  by  mastication,  and  absorba  the  fluids  of  the  mouth  in 
89 
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large  quantity.  The  importance  of  porosity  in  improving 
the  digestibility  of  bread  will  be  readily  understood,  when 
we  remember  that  one  of  the  processes  in  mastication  and 
in  salivation  is  the  entanglement  of  little  bubbles  of  air 
in  the  alimentary  bolus,  before  the  mass  is  passed  into  the 
stomach ;  and  in  digestion  in  the  stomach,  the  saliva  un- 
doubtedly has  an  important  action.* 

In  tlie  manufacture  of  good  bread  it  is  absolutely  neces^ 
sary  to  render  it  porous  l)y  the  generation  of  gas  in  the  dough 
before  baking ;  but  this  may  be  effected  without  fermenta- 
tion. Unfermeuted  or  aerated  bread  may  be  made  by  mix- 
ing carbonate  of  soda  with  the  flour  and  adding  hydrochloric 
acid  in  the  water,  or  by  using  water  charged  with  carbonic 
acid.  The  use  of  bread  made  in  this  way  is  simply  a  ques 
tion  of  taste. 

Flour  simply  mixed  with  water  and  baked,  called  in  this 
fonii  ship-bread,  sea-biscuit,  hard-tack,  etc.,  will  keep  almost 
indefinitely.  It  requires  thorough  mastication,  and  is  not 
so  easily  digested  as  ordinary  bread,  but  apparently  all  the 
nutritive  principles  are  preserved.  The  other  fonns  of  bread, 
rolls,  muffins,  etc.,  are  simply  articles  of  luxury,  and  do  not 
differ  much  in  their  nutritive  properties  from  ordinary  bread. 
The  various  forms  of  cake  are  made  of  flour,  with  the  addi- 
tion of  butter,  lard,  eggs,  sugar,  and  sometimes  dried  fraits. 

Although  bread  has  been  called  the  staff  of  life,  it  seems 
incapable  by  itself  of  supplying  for  an  indefinite  period  all  the 
nutritive  demands  of  the  human  organism.  The  same  may  be 
said,  however,  of  every  single  article  of  food,  whether  it  be- 
long to  the  animal  or  vegetable  kingdom ;  for  man  rcijuires 
a  much  greater  variety  of  alimentary  principles  than  the  in- 
ferior animals.  While  it  is  possible  that  life  might  be  barely 
sustained  on  bread  and  water,  experience  with  regard  to  this 
diet  in  prisons  and  elsewhere  has  demonstrated  that  it  is  in- 
;:apable  of  maintaininir  tlie  l)ody  in  full  vigor.    That  this  is 

*  See  page  180. 
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probably  due  to  a  deficiency  in  variety  of  alimentary  prin- 
ciples is  shown  by  Magendie's  experiments  on  dogs : 

"  A  dog  eating  ad  lihitum  of  white  bread,  made  of  pore 
wheat,  and  drinking  at  will  ordinary  water,  does  not  live  be- 
yond fifty  days;  he  dies  at  the  end  of  that  time,  with  all  the 
signs  of  gradual  exhaustion  above  noted. 

"  A  dog  eating  exclusively  of  militaiy  brown  bread  {(le 
munition)  lives  very  well,  and  the  health  is  not  altered  in 
any  way."  * 

Brown  bread  is  not  perhaps  absolutely  so  nutritive  as 
white ;  but  as  it  contains  a  certain  quantity  of  the  bran,  it 
presents  a  greater  variety  of  nutritive  principles,  and  seems, 
firom  the  above  experiments,  better  calculated,  as  the  single 
article  of  food,  to  meet  the  demands  of  the  system. 

The  paste,  which  in  Italy  takes  the  place,  to  a  great  ex- 
tent, of  bread,  in  the  fonn  of  macaroni,  vermicelli,  etc.,  is  a 
highly  nutritious  preparation.  The  real  Italian  article  is 
made  of  the  hard  wheat  with  only  the  outer  covering  re- 
moved, and  contains  a  much  greater  proportion  of  gluten 
and  oily  matters  than  ordinary  bread.  It  is  made  to  assume 
its  peculiar  form  by  forcing  the  thick  paste  through  per- 
forated metallic  plates.  It  is  then  dried  and  may  be  kept  for 
any  length  of  time.  Presenting,  as  it  does,  a  larger  propor- 
tion of  nitrogenized  and  fatty  matters,  it  is  more  nutritious 
than  bread.  Payen  estimates  the  nutritive  value  of  100  parts 
as  equal  to  151-5  parts  of  white  bread.' 

Leguminous  Itoots^  Leaves^  Seeds,  etc. 

The  remaining  vegetable  articles  of  food  do  not  demand 
extended  consideration,  as  the  alimentary  principles  which 
they  contain  are  little  difierent  from  those  already  de- 
scribed. They  are  highly  useful,  however,  as  funiishing  that 
variety  of  diet,  the  necessity  of  which  cannot  be  too  fully  in- 

'  Magendxb,  Preciit  tlementaire  de  Physiolofjie^  Pans,  1836,  tome  ii.,  p.  504. 
•  Op.  ciL,  p.  294. 
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stted  upon ;  but  as  far  as  quantity  and  variety  of  essential 
alimentary  principles  are  concerned,  there  is  no  one  of  them 
which  is  comparable  to  wheaten  bread. 

The  ordinary  potato  is  by  far  the  most  important  of  the 
leguminous  roots.  It  undoubtedly  forms  a  larger  part  of  our 
vegetable  food  than  any  other  article  except  wheat ;  and  of  all 
vegetables  it  is  the  one  that  becomes  least  distasteful  from 
continued  use.  In  Ireland,  the  potato  forms  the  greatest  part 
of  the  diet  of  the  poorer  classes,  but  those  wlio  live  almost 
exclusively  upon  it  are  not  well  nourislied.  It  is  generally 
taken  after  the  starch-granules  have  been  disint^rated  and 
its  general  structure  softened  by  cooking ;  but  in  a  raw  state 
it  has  been  found  very  useful  in  scurvy,  or  where  there  is  a 
scorbutic  tendency,  particularly  in  armies.  A  study  of  the 
proximate  composition  of  tlie  potato  shows  that  it  cannot  of 
itself  be  capable  of  maintaining  the  organism  in  full  vigor, 
on  account  of  its  great  deficiency  in  uitrogenized  and  fatty 
materials ;  but  taken  in  connection  with  meats,  it  supplies 
very  important  nutritious  principles,  and  is  a  most  agree- 
able, as  well  as  useful,  article  of  diet. 

Composition  of  the  Potato.^ 


Water  74*00 

SUrch  20-00 

Nitrogcnizcd  substances  2*50 

Fatty  matters,  essential  oil  0*11 

Gummy  and  saccharine  substance   1-09 

Cellulose   1-04 


Pectates,  citrates,  phosphates,  silicates  of  lime,  magnesia,  potassa,  soda. ..  1*26 

100*00 

The  sweet  potato,  so  largely  used  in  the  United  States, 
contains  more  water,  and  about  half  the  proportion  of  starch 

*  Pa  YEN,  Precu  theoriqxie  et  pratique  dts  gubstancet  (xlimentaircs,  Paris,  1865, 
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contained  in  the  ordinary  potato,  and  from  four  to  five  per 
cent,  of  sugar. 

Some  other  articles  belonging  to  the  class  of  legumi- 
nous roots,  the  beet-root  for  example,  contain  a  large 
proportion  of  sugar,  but  ordinarily  they  are  deficient  in 
starch'  as  compared  with  the  potato,  and  present  but  a 
small  quantity  of  nitrogenized  matter.  Many,  like  the 
parsnip,  salsify,  carrots,  etc.,  contain  a  certain  amount  of  vol- 
atile oil  and  peculiar  flavoring  matter.  Onions  and  garlics 
are  remarkable  for  the  presence  of  a  large  quantity  of  vola- 
tile oil.  These  articles  are  specially  craved  when  the  system 
is  suffering  from  a  deficiency  of  vegetable  food,  and  are  very 
useful  in  scurvy. 

The  young  and  tender  shoots  of  asparagus  are  highly 
prized  for  their  exquisite  flavor.  Tlie  volatile  principle  of 
this  vegetable  is  eliminated  by  the  kidneys,  giving  a  very 
peculiar  odor  to  the  urine. 

Many  green  leaves  and  leaf-stalks,  such  as  cabbage, 
caub'flower,  lettuce,  celery,  chiccory,  cresses,  etc.,  are  used 
as  food,  but  chiefly  as  articles  of  luxury.  They  contain  a 
large  proportion  of  water,  and  little  or  no  starch.  Sauer- 
kraut^ which  is  so  commonly  used  in  Germany,  is  made 
by  packing  cut  cabbage  with  salt  under  a  heavy  pressure, 
and  allowing  it  to  remain  for  several  weeks  until  it  has  under- 
gone the  acetic  acid  fermentation.  It  is  then  stewed  and 
eaten  with  meats. 

The  leguminous  seeds  possess  a  certain  degree  of  impor- 
tance as  alimentary  substances.  Those  most  commonly  used 
are  the  different  varieties  of  beans  and  peas.  They  contain 
a  large  proportion  of  starchy  matter,  and  a  considerable 
quantity  of  vegetable  caseine.  "When  dried  they  constitute 
an  important  part  of  many  army-rations.  Tliey  must  be 
considered  as  highly  nutritious,  though  inferior  to  most  of 
the  cereal  grains,  notwithstanding  that  they  contain  a  large 

'  For  a  lint  of  vegetables  oontaioing  little  or  no  starch,  see  p.  67. 
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proportioa  of  nitrogenized  matter.  They  contain  a  very 
small  proportion  of  the  phosphates. 

The  ripe  fruits  are  characterized  by  the  presence  of 
large  quantities  of  sugar,  mallic  and  citric  acid  and  their 
combinations,  pectine  or  vegetable  jelly,  and  by  the  absence 
of  starch.  They  are  used  as  articles  of  luxury  and  contribute 
somewhat  to  the  variety  in  diet,  but  they  are  not  very  im- 
portant as  alimentary  substances.  The  various  melons  are 
particularly  grateful  and  refreshing,  but  they  contain  a  very 
small  proportion  of  solid  or  nutritive  matters. 

Candiments  and  Flavoring  Articles. 

The  refinements  of  modem  cookery  involve  the  use  of 
numerous  articles  which  cannot  be  classed  as  alimentary 
principles.  Pepper,  capsicum,  vinegar,  mustard,  spices,  and 
articles  of  this  class,  which  are  so  commonly  used,  with  the 
various  compound  sauces,  have  no  decided  influence  on  nu- 
trition, except  in  so  far  as  they  promote  the  secretion  of  the 
digestive  fluids.  Common  salt,  liowever,  as  we  have  already 
seen,  is  very  important,  and  has  already  been  considered 
under  the  head  of  inorganic  alimentary  principles.  The 
various  flavoring  seeds  and  leaves,  truffles,  mushrooms,  etc., 
have  no  physiological  importance  except  as  rendering  ar- 
ticles of  food  more  palatable. 


CHAPTER  IV. 


DKIXKS.— QUAOTTTY  AXD  QUALITY  OF  FOOD. 

W^ater — Alcohol — Distilled  liquors — Wines,  malt  liquors,  etc. — Coflfee— Tea — 
Chocolate — Quantity  and  variety  of  food  necessary  to  nutrition — ^Necessity 
of  a  varied  diet 

WcUer. 

Water,  one  of  the  most  important  of  tlie  proximate 
principles  of  the  organism,  and  found  in  every  tissue  and 
part  without  exception,  is  introduced  with  all  kinds  of 
food,  and  is  the  basis  of  all  drinks.  Its  functions  in  the 
economy  have  already  been  fiilly  considered.  As  a  rule,  it  is 
taken  in  greater  or  less  quantity  in  nearly  a  pure  state. 
Although,  as  a  drink,  water  should  be  colorless,  odorless, 
and  nearly  tasteless,  it  always  contains  more  or  less  of  saline 
and  other  matters  in  solution,  with  a  certain  quantity  of  air. 
The  air  and  gases  may  be  evolved  by  boiling  or  removing 
the  atmospheric  pressure.  Pure  water  does  not  exist  in 
INature.  Even  rain-water  always  contains  salts,  and  fre- 
cjuently  a  little  ammonia  and  organic  matter.  The  Croton 
^ater  supplied  to  the  city  of  New  York,  contains  4*16  grains 
of  solid  matter  to  the  gallon.*  The  waters  of  the  mineral 
springs,  which  are  so  abundant  in  parts  of  this  country,  are 
^ery  rich  in  saline  constituents,  and  generally  contain  a  no- 
table quantity  of  carbonic  acid ;  but  the  consideration  of  their 
pi'operties  does  not  belong  to  physiology.  Water  charged 
'^th  carbonic  acid  under  pressure,  called  soda-water,  or  in 

*  Dr.  Lee,  in  Pereira,  on  Food  and  Diet,  p.  43,  note. 
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France  euu  de  Selis^  h  a  very  commoTi  driDk,  and  its  excel* 
lence  depends  on  the  thoronglmegs  with  which  the  gas  has 
been  waf!he<i  and  freed  fixnu  impurities.  Sea-water  may  be 
rendered  tit  for  drinking  by  distillation  and  agitatioii  with 
ain  Apparatus  for  thus  supplying  pure  water  is  generallj 
found  in  well-appointed  eea-going  ve^ls, 

The  demand  on  the  ]>art  of  the  sj&tem  for  water  is  reg- 
ulated, to  a  certain  extent^  by  the  quantity  discharged  from 
the  organ  ism  J  and  this  is  s  ubject  to  great  Tariation&,  The 
quantity  taken  as  drink  also  depends  very  much  on  the  con- 
ititntion  of  the  food  as  regards  the  water  which  enters  into 
its  composition. 

Alc&Aol. 

All  diitilled  and  fermented  liquors  and  wines  contain  a 
greater  or  less  proportion  of  alcohoL  As  these  are  so  gener- 
ally used  as  beverages,  and  as  the  eftects  of  their  exoeaaif^ 
nse  are  so  seriouB,  the  influence  of  alcohol  u|)on  the  organ- 
ism has  become  one  of  tlie  most  important  questione  con- 
nected with  alimentation.  In  the  discussion  of  this  subject 
it  is  not  proposed  to  enter  into  the  great  moral  qneationd 
involved,  but  to  coneider,  from  a  purely  pliysiological  point 
of  %4ew,  the  immediate  and  remote  influences  of  the  various 
alcoholic  teveragea  upon  nutrition  and  the  animal  functions. 
Some  alcoholic  beveragei^  influence  the  functions  &4>lely 
through  the  alcohol  wliich  they  contain ;  while  others,  as 
beer  and  porter,  with  a  comparatively  small  proportion  of  al- 
cohol, contain  a  considerable  quantity  of  solid  matters  whieli 
may  act  a*  alimentary  principles. 

Alcohol  from  its  chemical  composition,  is  to  be  classed  with 
the  non-nitrogenized  principles,  more  especially  the  fat^s  in 
which  tlie  hydrogen  and  oxygen  do  not  exi^t  in  the  proportion 
to  fonn  water.  We  have  seen  that  sugar  and  fat  are  essen- 
tial to  proper  nutrition  and  undergo  in  the  organism  impor- 
tant changes.  Alcohol  is  capable  of  being  absortjed  and 
taken  into  the  blood ;  and  it  becomes  a  question  of  great 
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interest  to  determine  whether  it  be  consumed  in  the  econo- 
my, or  whether  it  be  discharged  unchanged  by  tlie  various 
emunctories.  Many  volatile  and  other  substances  are  known 
to  be  thus  exhaled  or  discharged  from  the  body.  The  vola- 
tile principle  of  the  onion  may  be  recognized  in  the  expired 
air  for  some  time  after  the  article  has  been  taken  into  the 
stomach.  Various  ingested  matters  are  discharged  unchanged 
in  the  urine.  Common  salt,  when  taken  in  excess,  is  thus 
removed.  But  all  the  ordinary  nitrogenized  and  non-nitro- 
genized  principles  in  the  ingesta  are  consumed,  undergo  cer- 
tain transfonnations  in  nutrition,  and  are  never  discharged, 
in  health,  in  the  form  in  which  they  entered. 

Alcohol  has  long  since  been  recognized  in  the  expired  air 
after  it  has  been  taken  in  large  quantity  into  the  stomach  ; 
and  late  researches  have  confirmed  the  earlier  observations 
with  regard  to  its  elimination  in  its  original  form,  and  have 
shown  that,  after  it  has  been  taken  in  quantity,  it  may  exist 
in  the  blood  and  all  the  tissues,  and  organs,  particularly  the 
Uver  and  nervous  system.*   Lallemand,  Perrin,  and  Duroy 
^ftve  stated,  also,  that  there  is  a  considerable  elimination  of 
^'Icohol  by  the  lungs,  skin,  and  kidneys ; '  but  the  accuracy 
the  experiments  by  which  these  results  were  arrived  at 
lately  been  questioned.    The  recent  observations  of  Drs. 
*^nstie  and  Dupr6  have,  indeed,  thrown  great  doubt  upon 
the  chromic-acid  test,  which  was  employed  by  the  French 
observers  just  cited.    Anstie  and  Dupre  have  clearly  shown 
^^^^  the  color-test  applied  to  the  urine  of  persons  who  do  not 
drink  alcohol  at  all  not  only  acts  with  chromic  acid  in  the 

'  It  was  formerly  a  question  considerably  discussed  whether  alcohol  exist  iu 
^  brab,  or  in  the  fluid  found  in  the  ventricles,  in  intoxicated  persons.  This 
Settled  by  Percy,  who  found  alcohol  in  the  brain,  liver,  and  sometimes  in 
'itine,  in  dogs  poisoned  with  alcohol,  and  in  men  who  had  died  after  exces- 
drinking.    In  these  experiments,  the  presence  of  alcohol  was  determined 
distillation,  the  distilled  substances  being  inflammable,  and  capable  of  dis- 
•Olving  camphor. — Perct,  Priie  Thesis.    An  Experimenial  Inquiry  concerning 
^  J^rtHtice  of  Alcohol  in  the  Ventricles  of  the  Brain,  etc.,  London,  1889. 

*  LiLLEMAiiD,  Perrin,  et  Dubot,  Du  r6le  de  Valeool  et  des  anesthMques  dan* 
^^^Hitme,  ParlB,  1860. 
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6atne  way  as  does  alcohol,  but  that  the  eiibz^tance  i 
urine,  whatever  it  may  be,  capable  of  being  similarly 
oxidized  into  an  acid  which  is  apparently  identical  with 
acetic  arid,  and  similarly  converted  to  iodoform  by  boiling 
with  iodine  and  an  alkali/*  Nevertheless,  when  alcohol  has 
been  taken  in  narcotic  doses,  there  is  a  certain  a  mo  nut  of 
real  a]ci»lioljc  elimination  in  the  urine,  m  was  shi^vn  lonp 
a^o  by  Percy-'  We  are  not,  however,  considering  at  pr6&> 
eat  the  elimination  of  alcohol  when  the  ingestion  of  this 
principle  has  been  pushed  to  extreme  intoxication,  but  uiily 
the  qnestion  whether  moderate  doees  of  alcohol  be  eliminated 
in  totality  or  be  consumed  in  tlie  organism  in  the  same  way 
as  sugar  or  albumen*  It  is  possible  to  administerj  for  ex- 
ample, such  quantities  of  sugar  that  a  certain  amount  will 
pass  ofl'  in  the  urine ;  and  no  one  supposes  that  moderate 
quantities  of  sugar  are  not  consumed  in  the  organism.  At 
the  result  of  tlie  final  experiments  of  Anstie,  it  seems  sbao* 
lutely  certain  that  most  of  the  alcohol  which  is  taken  in 
qnantities  not  sufficient  to  produce  alcoholic  intoxication  is 
consumed  in  the  organism,  and  but  a  trivial  quantity  h 
thrown  off,  cither  in  the  urine,  the  tfeces,  the  bi-^ath,  or  the 
cutaneous  transpiration/  This  question  is  of  the  greatest 
importance  with  regard  to  the  moderate  use  of  alcohol  un- 
der nornml  conditions,  and  especially  in  its  bearing  upon 
the  therapeutical  action  of  the  various  alcoholic  drinks  ad- 
ministered in  cases  of  disease. 

Taken  in  moderate  quantity,  alcohol  generally  produces  a 
certain  amount  of  nervous  exaltation,  which  gradually  passes 

I  Percy  dctepted  ftlvohol 'm  five  ounces  of  urine  tiiken  from  m  inan  in  a  eon- 
difiou  ofuitoiicatioD,  bj  fir^l  dii^ltltmg  or«r  three  dr itch of  a  eolorfeva  fiqut4« 
sulijccling  thb  to  a  secunt]  ifi«ltUation  m  which  one  drachfu  passed  orer,  wiiteh 
wif  iigttittvd  in  a  iefit-tube  witti  ^tihejirbonaU;  of  pqtussa.  He  ibun  obtaUied  a 
olctr,  aupercftUnt  jitrmlum,  which  dU.^oWed  camphor  and  burned  vlih  a  blue 
iame  {op.  ctt^  p.  h^^).  Thei'e  can  \m  hardlv  anj  dottbt  bttt  thai  the  kidnifirti 
bIwaj!^  cHftiinatf?  a  certuin  qtiimliTj  of  alcohol  when  liiis  subeianotJ  u  tak6D  in 
quantity  ^iiflicient  to  product^  narcotism, 

*  AjrsUE,  Fimti  ExpeHmenf^  on  the  Eliminaiim  0f  AleilM  /mm  ikt  ^9%.— > 
The  FraditiofWf,  London,  mi,  rt>L  xU.,  p.  Ifi,  etm^. 
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off  In  some  individuals,  the  mental  faculties  are  sharpened 
by  alcohol,  while  in  others,  they  are  blunted.  There  is  noth- 
ing, indeed,  more  variable  than  the  immediate  effects  of 
alcohol  on  different  persons.  In  large  doses,  the  effects  are 
the  weIl-kno^vn  phenomena  of  intoxication,  delirium,  more 
or  less  anaesthesia,  coma,  and  sometimes,  if  the  quantity  be 
excessive,  death.  As  the  rule,  the  mental  exaltation  pro- 
duced by  alcohol  is  followed  by  reaction  and  depression, 
except  in  debilitated  or  exhausted  conditions  of  the  system, 
when  the  alcohol  seems  to  supply  a  decided  want. 

The  views  of  physiologists  concerning  the  influence  of  a 
moderate  quantity  of  alcohol  on  the  nervous  system  are 
Eomewhat  conflicting.  That  it  may  temporarily  give  tone 
and  vigor  to  the  system,  when  the  energies  are  unusually 
taxed,  cannot  be  doubted ;  but  this  effect  is  not  produced 
in  all  individuals.  The  constant  use  of  alcohol  may  create 
an  apparent  necessity  for  it,  producing  a  condition  of  the 
system  which  must  be  regarded  as  pathological.  It  is  a 
notable  and  important  fact,  that  some  persons  seem  to  pos- 
sess a  more  or  less  periodical  craving  for  alcohol,  which  at 
times  becomes  so  powerful  that  the  desire  cannot,  appar- 
ently, be  resisted.  Practitioners  of  medicine  have  very  gen- 
erally come  to  regard  this  as  a  disease,  and  to  treat  it  as 
such.  This  appetite  may  be  excited,  when  it  is  not  suspected 
even,  by  a  single  dose  of  any  alcoholic  beverage,  and,  on 
this  account,  the  greatest  caution  should  always  be  exerted 
in  the  administration  of  alcohol  in  disease. 

The  immediate  effects  of  the  ingestion  of  a  moderate 
quantity  of  alcohol,  continued  for  a  few  days,  are  decided. 
It  notably  diminishes  the  exhalation  of  carbonic  acid  and  the 
discharge  of  other  excrementitious  principles,  particularly 
urea.  These  facts  have  long  since  been  experimentally 
demonstrated;'  and  recently,  very  important  observations 

1  The  -nfluence  of  alcohol  on  the  exhalation  of  carbonic  acid  has  already 
been  conBidered  (see  yoL  L,  Respiration) ;  and  its  effect  on  the  quantity  of  urea 
diadiarged  will  be  more  fully  discussed  in  connection  with  excretion. 
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have  been  made  by  Partes  and  WolloT;i'iez,  which  bear  more 
particularly  on  the  influence  of  this  ngent  upon  the  genera! 
process  of  nntritioB.  These  exi>eriment8j  which  were  puV 
lishedj  after  the  first  impression  of  this  volnme*  in  the 
Proceedings  of  the  Kc^yal  Society'^  for  1870,  are  very 
exact  As  regards  weight  of  the  body,  the  eliminivtioii 
of  nitrogen  by  the  kidneys,  and  the  excretion  of  varions 
of  tlie  inorganic  constituents  of  the  urinej  their  resnlti 
werej  in  the  main,  negative,  Ko  account  was  taken  of 
the  influence  of  ak^ohol  upon  the  elimination  of  carbonic 
acid*  With  reganl  to  the  elimination  of  urca^  it  must  be 
remeinhered  tliat  thej  were  made  upon  n  single  indiTidmil, 
and  that  the  weight  of  experimental  evidence  is  in  favor  of 
a  diminution  in  the  excretion  of  nitrogen  under  the  infln- 
enee  of  aleohoh  Tho  following  analysis  of  these  observar 
tione  ie  quoted  frozn  Di\  Frazer:* 

^*  The  researches  were  made  on  a  soldier^  twenty-eight 
years  of  age,  selected  mainly  on  account  of  his  remarkably 
good  physical  oondition,  and  superior  intelligence.  During 
a  preliroinaiy  period  of  ten  days  lie  abstained  altoge 
from  any  alcoholic  liqnid;  and,  as  he  was  aeeustomed 
emofcej  it  was  considered  proper  to  allow  him  half  an  o^ 
of  tobacco  daily,  during  the  whole  period  of  the  ob&erFati 
The  plan  pursued  was  as  follows :  '  For  twenty-sis  daya  the 
man  remained  on  a  diet  precisely  similar  as  to  food  and 
times  of  meals  in  every  respect,  except  that  for  the  first 
eight  days  he  took  only  water  (in  the  shape  of  ^See^  te&i 
and  simple  water);  for  the  next  six  days  he  added  to  this 
diet  rectified  spirit  in  such  proportion,  that  he  tut>k,  in  di* 
vided  quantities,  on  the  first  day,  one  fluidounce  (= 
cub*  centims,)  of  absolute  alcohol ;  on  the  second  day,  two 
fluidonnces  ;  on  the  tliird  day,  four  ounces ;  and  on  the 

Ph^idhiffyy  Cambridge  niid  L^j&don^  1^*71,  vol  v.,  p.  201,  In  ih^A^i  *Mpenm«tit«» 
we  ftnii  only  iht  mults  boartng  upon  the  elimluiLtion  of  lUtrogeQ  mnd  <»rboiii« 
ftdd  opposed  to  other  Mid  earlier  obscrrntionfl. 
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fifth  and  sixth  days,  eight  ounces  on  eaeh  day.    He  tlien  re- 
lumed to  water  for  six  days ;  and  then  for  three  d'dy^  took 
II  eaeJi  day  half  a  bottle  (=  12  ounces,  or  341  eub.  een tiros.) 
of  fine  brandy^  containing  48  per  cent,  of  alcohol.  Then  tor 
three  dayg  more  he  returned  to  water.'    Tlie  observations 
us  iiieltide  five  stages ;  of  water-drinking,  of  alcohol^  of 
of  brandy,  and  iinally  of  water.    The  quantities  of 
ol  given  were  never  sufficient  to  pi-oduce  any  extreme 
iyniptoinB  of  narcotism^  as  the  object  of  tlie  investigation 
to  examine  the  dietetic  effects  only.    The  results  ob- 
were^  on  the  whole,  of  a  negative  character,  so  far,  at 
as  any  marked  modification  of  the  vital  processes  is 
ooemed.    Firstly ^  it  was  found  that,  other  conditions  re* 
laining  constant,  alcohol  bad  no  important  influence  in 
odifyiiig  weight.    Secondly^  one  or  two  finidounces  of  ab- 
lute  alcohol  given  in  divided  quantities  in  twenty-fonr 
ioars  served  to  increase  the  appetite ;  but  tour  fluidounces 
ned  it  considerably ^  and  larger  quantities  almost  entirely 
destroyed  it.    Thirdly,  neither  pure  alcoliol,  nor  brandy,  in 
ibe  qtiantities  given,  lessened  the  temperature.  Fourthly, 
adging  by  the  evidence  supplied  by  the  characters  of  the 
ulse,  the  state  of  the  cutaneuus  vessels,  and  the  nature 
the  sphyginf (graphic  tracings,  the  chief  action  of  alcohol 
D  the  eircnlation  in  health  is  exerted  on  tlie  ventricles  of 
*e  heart  and  on  the  capillai-ies.  In  the  fomer,  the  rapidity 
itU  which  the  contractions  are  accomplished  is  greatly  in* 
eased ;  and  in  the  latter,  the  c^ilibre  is  inereased  so  tliat 
le  blood  flows  more  freely  throngh  them*    Fifthly,  the 
unt  of  urinary  water  is  somewhat  increased.  Sixthly, 
lol,  in  the  quantities  mentioned,  produces  no  effect  of 
portancG  in  altering  the  elimination  of  nitrogen  by  the 
eys  in  tlie  healthy  body,  when  the  ingress  of  nitrogen 
taot    This  conclusion  is  one  of  considerable  impor- 
tancGT  aa  previous  observers  bare  found  that  nitrogen  is 
rgely  retained  in  the  body  when  alcohol  is  given,  thereby 
ereasing  assimilation,  or,  when  food  is  deSelent,  saving  the 
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tiesncs  from  destruction.  Seventhlj,  the  luflTience  of  aim- 
hoi  on  the  phosphoric  acid,  elilorinej  ftod  free  acids  of  the 
nrine  is  m considerable-  Eighthly,  the  nervous  Bystem  wai 
not  shown  to  be  affected  by  any  evidence  of  increased  diminn- 
tion  of  the  amonnt  of  phosphoric  acid,  but  there  were  marked 
subjective  phenoraena*  Ninthly,  the  etiniinutioii  of  nitrogen 
by  the  bowels  was  not  lessened*  Tentldj^  the  elioaination 
of  alcohol  from  the  body  would  appear  to  be  a  slower  process 
than  has  generally  been  supposed.  Thus,  atlter  twenty-ome 
iiuidonnces  of  absohite  alcohol  had  been  taken  in  six  days, 
the  body  had  still  traces  of  it  on  the  sixth  day  after  the  aleo* 
hoi  was  left  off.  The  experiments^  however,  do  not  ehow 
whether  all  the  alcohol  is  eliminated,  or  whether  some  is  de- 
stroyed in  the  body,'' 

As  the  result  of  the  latest  experiment  of  Dr*  Anstie,  it 
must  be  admitted  that  the  earlier  observations*  particularly 
those  of  Lallemandj  Perrin,  and  Duroy^  which  seemed  to 
show  the  possibility  of  a  total  and  complete  elimination  of 
akohol  iugested^  are  by  no  meang  conchisive.  We  may  con- 
eider,  indeed,  alcohol  as  an  alimentary  principle ;  at  all 
events,  it  seems  to  be  capable  of  supplying  the  place,  at 
least  in  part,  of  articles  which  are  actually  a&similated  by 
the  orgnnism.  But  alcohol  cannot  be  used  in  this  way^  if 
taken  habitually  in  considerable  qnautity,  for  an  indefinite 
period,  without  seriously  and  unfavorably  affecting:  tlve  nu- 
tritive processes.  If  its  use  be  long  continued,  the  as- 
einiilative  powers  of  the  system  become  so  weakened  that 
tlie  proper  quantity  of  food  cannot  be  appropriated,  and 
alcohol  is  craved  to  supply  a  self-engendered  want.  The 
organism  may,  iu  many  in  stances,  ho  restored  to  its  physio- 
logical conditiun  by  discontinuing  the  use  of  alcohol ;  hut 
it  is  generally  some  time  before  the  nutritive  powers  be- 
come active  J  and  alcohol,  in  the  mean  time^  seems  abso- 
lutely necessary  to  existence*  This  is  really  a  pathologi- 
cal condition,  and  often  demands  the  most  careful  and 
judicious  treatment. 
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Under  ordinary  conditions,  when  the  organism  can  be 
adeqaatelj  supplied  with  food,  alcohol  is  undoubtedly  inju- 
rious. When  the  quantity  of  food  is  insufficient,  alcohol  may 
supply  the  want  for  a  time,  and  temporarily  restore  the 
powers  of  the  body;  but  the  effects  of  its  continued  use, 
conjoined  with  insufficient  nourishment,  show  that  it  cannot 
take  the  place  of  assimilable  matter.  These  effects  are  too 
well  known  to  the  physician,  particularly  in  hospital-prac- 
tice, to  need  farther  comment. 

Notwithstanding  these  imdoubted  physiological  facts, 
alcohol,  in  some  form,  is  used  by  almost  every  people  on  the 
fiM5e  of  the  earth — civilized  or  savage.  Whether  this  be  in 
order  to  meet  some  want  occasionally  felt  by  and  peculiar  to 
the  human  organism  is  a  question  upon  which  physiologists 
have  found  it  impossible  to  agree.  That  alcohol,  at  certain 
times,  taken  in  moderation,  soothes  and  tranquillizes  the 
nervous  system  and  relieves  exhaustion  dependent  upon 
unusually  severe  mental  or  physical  exertion,  cannot  be 
doubted.  It  is  by  far  too  material  a  view  to  take  of  exist- 
ence, to  suppose  that  the  highest  condition  of  man  is  that 
in  which  the  functions,  possessed  in  common  with  the  lower 
animals,  are  most  perfectly  performed.  Inasmuch  as  tem- 
porary insufficiency  of  food,  great  exhaustion  of  the  nervous 
system,  and  various  conditions  in  which  alcohol  seems  to  be 
useful,  must  of  necessity  often  occur,  it  is  hardly  proper  that 
this  agent  should  be  utterly  condemned ;  but  it  is  the  article, 
par  excelleneej  which  is  liable  to  abuse,  and  the  effects  of 
which  on  the  mind  and  body,  when  taken  constantly  in  ex- 
cess, are  most  serious. 

Although  alcohol  imparts  a  genial  warmth  when  the  sys- 
tem is  suffering  from  excessive  cold,  it  is  not  proven  that  it 
enables  men  to  endure  a  very  low  temperature  for  a  great 
length  of  time.  This  end  can  be  effectually  accomplished 
only  by  an  increased  quantity  of  food.  The  testimony  of  Dr. 
Hayes,  the  Arctic  explorer,  is  very  strong  upon  this  point. 
He  says :  "  While  fresh  animal  food,  and  especially  fat,  is  ab- 
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golotelj  eseential  to  tlie  iiiBabitants  and  travellers  in  Arctic 
countries  J  alcohol  in  almo&t  any  shape ,  not  only  completely 
useless  but  poeitively  injurious,  *  *  *  Circumstaoces 
may  occur  under  ivhich  its  adininit^tration  seems  necessary ; 
such,  for  iii^taiK^^j  m  great  prostration  from  long-continued 
exposure  and  exertionj  or  from  getting  wet;  but  then  it 
eliould  be  avoided,  if  po^isible,  for  the  succeeding  reaction  is 
always  to  be  dreaded ;  and,  it'  a  place  ef  safety  is  not  near  at 
hand,  tlie  immediate  danger  is  only  temporarily  guarded 
agaiustj  and  becomes^  finally,  gmatly  augmented  by  reason 
of  decrea^d  vitality.  If  given  at  all,  it  should  be  in  very 
small  quantities  frequently  repeated ,  and  continued  untE  a 
place  of  safety  i&  readied.  I  have  known  the  most  unpleas- 
ant consequences  to  result  from  the  injudicious  use  of  whis- 
key for  the  purpose  of  temporary  stimulation ,  and  have  also 
known  strong  able-Loilied  men  to  have  become  utterly  incat- 
pable  of  resisting  cold  in  consequence  of  the  long-contiuued 
use  of  alcoholic  drinks*'* ' 

It  is  not  demonstrated  that  alcohol  increases  the  capacity 
to  endure  severe  and  protracted  bodily  exertion.  Ita  iuflu 
ence  as  a  therapeutic  agontj  in  promoting  assimilation  in  cer- 
tain conditions  of  defective  nutrition,  in  relieving  shock  and 
nervous  exliaustion^  in  sustaining  the  powers  of  life  in  acute 
diseases  cliaracterixed  by  rapid  emaciation  and  abnormally 
active  destructive  assimilation^  etc,  is  undoubted;  but  the 
consideration  of  these  questions  does  not  belong  to  phvsi- 
ology. 

J)idilkd  Zi^ors.— The  variety  of  distilled  liquoi^s  con- 
sumed in  civilized  countries  is  very  great.  Brandy,  the 
product  of  the  distillation  of  wine,  is  the  one  most  esteemed^ 
and,  in  therapeutics,  generally  produces  most  positively  and 
promptly  the  beneficial  eflects  of  alcohol.    As  the  liquor 

'  H^rESf  0^ftervaUi)nt  upon  (he  EdnHouM  exiiiinff  bftmm  Fmd  and  ihe  Capa- 
tititiea  of  Mm  (o  ttwut  Zaw  Temperaturet^ — Amtriean  Jfutmt  of  tlia  Mtdiml 
fibVnwjf,  July,  iee9,  ^  117* 
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most  highly  prized,  it  is  naturally  most  subject  to  adultera- 
tion and  imitations. 

Various  other  liquors  distilled  from  the  fermented  prod- 
ucts of  grains  or  fruits  are  in  common  use.  The  most 
important  of  them  are  whiskey,  which  is  made  from  rye, 
com,  wheat,  or  oats ;  gin,  made  from  various  grains  rectified 
with  turpentine  and  juniper ;  rum,  made  from  molasses ; 
and  apple  or  peach-brandy,  made  from  the  juices  of  these 
fruits.  Liquors  are  also  sometimes  made  from  the  potato. 

As  a  rule,  the  distilled  liquors  contain  a  little  more  than 
fifty  per  cent.,  by  volume,  of  alcohol,  specific  gravity,  '825. 
Alcohol  is  undoubtedly  more  injurious  taken  in  this  form 
than  in  any  other,  as  its  quantity  is  large,  and  it  is  immixed 
with  the  tonic  and  nutritive  principles  contained  in  many 
wines  and  malt-liquors.  The  gravest  efifects  of  the  abuse  of 
alcoholic  beverages,  which  are,  unfortunately,  so  common  in 
countries  where  spirit-drinking  prevails,  are  almost  unknown 
where  tlie  light  wines  are  the  ordinary  drink  of  all  classes. 

WineSj  Malt-Zi^twrSy  etc. — The  fermented  juice  of  the 
grape  ftimishes  an  almost  infinite  variety  of  wines.  These 
are  called  full-bodied  or  light,  as  they  contain  more  or 
leas  alcohoL  The  stronger  wines,  such  as  port,  madeira, 
and  sherry,  contain  from  fifteen  to  twenty-five  per  cent,  of 
alcohol;  while  the  lighter  wines,  such  as  claret,  sauterne, 
and  hock,  contain  from  ten  to  fifteen  per  cent.  Every  dis- 
tinct variety  of  wine  contains  peculiar  flavoring  and  aro- 
matic principles,  either  characteristic  of  the  grape  or  pro- 
duced in  the  process  of  manufacture. 

As  wine  contains  a  variety  of  principles,  chiefly  noii- 
nitrogenized  matters,  with  organic  acids  and  salts,  its  eflfects 
upon  the  system  are  somewhat  diflferent  from  tliose  of  alcohol 
or  the  distilled  liquors.  The  following  are  the  constituents 
(bund,  in  variable  proportions,  in  most  wines :  * 

»  Pereira,  a  Trtatm  on  Food  and  Dlct^  New  York,  1843,  p.  202. 
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Constituents  of  Wine. 

Water, 
Alcohol, 

Bouquet  (volatUe  oil  ?  an  ether  ?), 

Suqar, 
Gum, 

Extractive  matter, 

Oluten  (except  when  tannin  is  present), 

Acetic  acid, 
Bitartrate  of  potash, 

Tartraie  of  potash  and  alumina  (in  German  winet), 

Sulphate  of  potash, 

Chlorides  of  potassium  and  sodium, 

Tamiin,  )  /•    j  .  \ 

-___l{inred  wines). 
Coloring  mxiUer  of  the  husk,  )  ^ 

Carbonic  a/Ad  (in  champagne  and  other  effenresdng  wines). 

Ab  the  proportion  of  alcohol  in  many  wines  is  quite 
small,  it  is  only  when  they  are  taken  in  quantity  that  its 
disturbing  eflfeets  upon  the  system  are  manifested.  Wines 
supply,  on  the  other  hand,  many  important  saline  prin- 
ciples, and  some  have  a  very  decided  action  as  tonics.  It 
must  be  borne  in  mind,  however,  that  wines  are  very  often 
adulterated  and  imitated.  They  then  contain  ordinary  spirit, 
with  extraneous  coloring  and  flavoring  principles  which  are 
often  highly  injurious. 

Tlie  sparkling  wines  are  made  from  the  juice  of  the  grape 
treated  in  such  a  way  as  to  increase  the  production  of  car- 
bonic acid;  a  process  which  generally  involves  the  addition 
of  glucose.  The  exhilarating  properties  of  the  carbonic  acid, 
added  to  those  of  the  alcohol,  render  these  wines  more  rap- 
idly stimulating  in  their  effects  than  other  beverages  which 
contain  an  equal  amount  of  alcohol.  Champagne  is  often 
the  best  diffusible  stimulant  that  can  be  employed,  in  certain 
diseases  which  demand  prompt  and  vigorous  support  of  the 
vital  powers. 
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In  many  part^  of  the  United  8tat66^  the  manufacture  of 
^-ine  from  native  grapes  lias  aeaumecl  consiiderable  impor- 
tance. The  Catawba  wines,  of  Ohio,  tlie  Califorma,  and 
the  XortU  Carolina  wines  have  become  quite  celebffited. 
Thongh  these  are  of  rich  flavor  and  posj^e^^s  many  good 
qnalitieB^  it  will  be  many  years  before  wine  can  be  prodnced 
in  this  country  equal  in  delicacy  to  the  products  of  the  vine- 
jard^  of  the  old  world. 

Malt-Hquors  (beer,  ale^  porter,  etc*)  are  prepared  from 
malted  barleyj  flavored  with  hops.  They  contain  a  very 
^all  quantity  of  alcohol ;  in  the  milder  tjeverages  of  this 
cla^  the  proportion  beiog  from  one  to  four  per  cent^j  and  in 
the  stronger  from  sis  to  eight  per  cent.  All  varieties  con- 
tain a  certain  proportion  of  carbonic  acid^  which  13  particu- 
larly abundant  when  the  liquor  has  been  kept  in  bottles. 
The  principal  difference  l>etween  malt-liqnora  a^d  other 
alcoholic  beverages  k  that  they  contain  a  large  proportion 
of  eaccharine  and  nitrogenized  matters.  These  are  in  such 
qaantity  that  malt-liquors  possess  considerable  importance 
m  alinientarf  articles.  In  therapeuticSj  the  bitter  principle 
uf  the  hop  acting  as  a  tonic,  the  nutritive  action  of  the  solid 
ingredients^  and  the  stimulant  eflect  of  the  alcohol,  combine  to 
render  the  malt-liquors  very  %*alnable  in  debilitated  conditions 
of  the  system  J  or  in  the  convalescence  from  exhausting  diseases. 

The  following  is  tlie  composition  of  good  French  beer, 
h"ke  that  generally  called  Strasbourg  beer.  The  heavy 
English  and  Scotch  ales  and  porter  generally  contain  a 
larger  proportion  of  alcohol : 

CamjmiiJon  of  Beeh^ 


wurr     m-m 

AJcoboL   . . . .   * .  4  50 

DcxlHti^  gluoQic,  Mid  substances  of  thk  c]usi,.  ,  41  40 

Kitrttgetiizcd  substiiices                                                      ,  ^ ... .  1^*2^ 

Mineral  etsaiJS. , ,  ,   184 


Ktter  prinople,  utonifttic  esseno*  (QUflntiiy  not  dettTmlned). 

*  pAtiPfT  Precis  ThvQHqtif  d  Pt'itHqfte  dti  SttLffanrFif  AHmfnlttirts^  Furia, 
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Liglit  and  agreeable  beverages  made  from  the  juice  of 
apples  or  of  pears  are  in  common  use.  TVlien  first  made,  eider 
contains  the  organic  acids  and  salts  of  the  fruit,  with  a  large 
quantity  of  sugar.  It  is  then  called  sweet  cider,  and  con- 
tains little  or  no  alcohol.  After  it  has  fermented,  the  sugar 
in  part  or  entirely  disappears,  alcohol  is  formed  in  consider- 
able quantity  (from  5*21  to  9*87  per  cent.),*  and  the  liquor 
is  then  called  hard  cider.  Under  proper  conditions,  ace- 
tous fermentation  soon  converts  the  liquid  into  vinegar. 
During  the  process  of  fermentation,  carbonic  acid  is  product 
in  large  quantity,  and  if  the  liquor  be  made  of  good  apples 
and  be  bottled  at  the  proper  time,  its  flavor  is  little  inferior 
to  that  of  ordinary  champagne.  The  effects  of  cider  upon 
tlie  system  are  substantially  those  of  the  light  white  wines. 

Perry,  a  beverage  manufactured  to  a  considerable  extent  iii 
England  from  pears,  is  little  used  in  this  country.  When  new 
it  is  sweeter  than  cider,  and  possesses  the  flavor  of  the  pear. 
By  fennentation  a  liquor  is  produced,  resembling  cider  in  most 
regards,  but  containing  about  fifty  per  cent,  more  alcohoL 

Coffee. 

Coftee  is  an  article  consumed  daily  by  many  millions 
of  human  beings,  in  all  quarters  of  the  globe.  In  armies 
it  lias  been  found  indispensable,  enabling  men  on  mod- 
erate rations  to  perform  an  amount  of  labor  which  would 
c»therwise  be  impossible.  After  exhausting  eflbrts  of  any 
kind  there  is  no  article  which  relieves  the  overpowering 
sense  of  fatigue  so  completely  as  coffee.  Anny-surgeons  say 
that  at  night,  after  a  severe  march,  the  first  desire  of  the  sol- 
dier is  for  coffee,  hot  or  cold,  with  or  without  sugar,  the  only 
essentiiil  being  a  sufiicient  quantity  of  the  pure  article.  This 
has  l>een  the  universal  experience  in  the  late  civil  war ;  the 
rations  of  coflee  issued  by  the  United  States  Government  be- 

1865^  p.  462.  In  copnng  thi3  table  an  evident  error  (967  instead  of  M7  of  w». 
ter)  has  boen  corrected. 

'  DrxGLisox,  Midiral  Lfxicc'V,  Philadelphia,  186.%  p.  1039. 
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ing  abundant  and  pure,  though  not,  of  course,  of  the  quality 
poseefising  the  most  delicate  flavor.  Almost  every  one  can 
bear  testimony  from  personal  experience  of  the  effects  of 
coffee  in  relieving  the  sense  of  fatigue  after  mental  or  bodily 
exertion,  and  in  increasing  the  capacity  for  labor,  especially 
mental,  by  producing  wakefulness  and  clearness  of  intellect. 
From  these  facts  the  importance  of  coffee,  either  as  an  ali- 
mentary article,  or  as  taking  the  place,  to  a  certain  extent, 
of  aliment,  is  apparent. 

Except  in  persons  who,  from  idiosyncracy,  are  unpleas- 
antly affected  by  it,  coffee,  taken  in  moderate  quantity  and 
at  proper  times,  produces  an  agreeable  sense  of  tranquillity 
and  comfort,  with,  however,  no  disinclination  to  exertion, 
either  mental  or  physical.  Its  immediate  influence  upon  the 
system,  which  is  undoubtedly  stimulant,  is  peculiar,  and  is 
not  followed  by  reaction  or  unpleasant  after-effects.  Habitual 
use  makes  coffee  almost  a  necessity,  even  in  those  who  are 
otherwise  well  nourished  and  subject  to  no  extraordinary  men- 
tal or  bodily  strain.  Taken  in  excessive  quantity,  or  in  those 
unaccustomed  to  it,  particularly  when  taken  at  night,  it  pro- 
duces persistent  wakefiilness.  These  effects  are  so  well  known 
that  it  is  often  taken  for  the  purpose  of  preventing  sleep. 

Experimental  researches  have  6ho^vn  that  the  use  of  coffee 
permits  a  reduction  in  the  quantity  of  food,  in  workingmen 
especially,  much  below  the  standard  which  would  otherwise 
l>e  necessary  to  maintain  the  organism  in  a  proper  condition. 
In  the  observations  of  De  Gasparin  upon  the  regimen  of  the 
Belgian  miners,  it  was  found  that  the  addition  of  a  quantity 
of  coffee  to  the  daily  ration  enabled  them  to  perform  their 
arduous  labors  on  a  diet  which  was  even  below  that  found 
necessary  in  prisons  and  elsewhere  where  this  article  was  not 
employed.*    Numerous  experiments  have  shown  that  coffee 

*  The  diet  of  the  miners  of  Charleroi,  where  these  observations  were  made, 
WM  eridently  deficient  in  nitrogenized  matter,  the  quantity  of  nitrogen  which  it 
repittented,  aside  from  the  coffee,  being  but  14*82  grammes  (228*7  grains).  But 
on  this  diet,  with  the  addition  of  coffee,  De  Gasparin  found  that  the  vital  energies 
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(llniiiiislies  tlie  absolute  quantity  of  urea  disdiarged  by  the 
kidneys*'  In  tbis  resp<x*tj  as  for  as  has  been  asccrt^iined,  the 
action  of  coftee  is  like  tJiat  of  aleohol^  and  it  may  reas<mably 
he  supposed  to  retard  disaesimilatjon ;  with  the  importimt 
diiFereuce,  however,  tliat  this  is  followed  by  no  unfavorable 
after-effects,  and  that  cotfee  can  be  used  in  moderation  for 
an  indefinite  time  with  advantage. 

Dr.  Hayes*  the  Arctic  exj^lorer^  in  comparing  the  proper- 
ties of  alcohol  and  tea  and  coffee  in  enabling  men  to  resist 
cold  and  endure  hardships  in  the  Arctic  regions,  gives  the 
Ijighest  praise  to  the  latter  articles.  In  comparing  tea  and 
coffee  he  says  that  "  Kane's  parties,  atlter  repeated  trial, 
took  nio&t  kindly  to  coffee  in  the  moniing  aud  tea  in  the 
evening.  The  coflee  seemed  to  h\^t  throughout  the  day^  and 
the  men  seemed  to  grow  hungry  less  rapidly  after  taking  it 
than  after  drinking  tea,  while  tea  soothed  them  after  a  day' a 
hard  labor^  and  the  better  enabled  them  to  sleep.  They  both 
operated  upon  fatigned  and  over-taxed  men  like  a  charm, 
and  their  superiority  over  alcoholic  stimulant*  was  very 
marked,"'  These  facts  are  higlily  interesting,  for  tliere  coidd 
ho  no  better  opportniiity  of  testing  the  real  value  of  Buch 

ittid  tiiy»cul«r  powvT  were  wdl  developed*  Tlje  foUowiu^  wna  Ibe  ordinwy  dkii, 
rHueed  to  ounces  av,  uml  grains.  Thpro  uft9  an  tLbimdanee  of  good  while  faraMl, 
but  the  quantitj  of  raeat  was  evidentl?  £»Bufllcietit : 


CofTeep , ,  * . ,    1  ^z,  M 

OliiccotT.   I  0^  3i 

Miltt   a  lUtk  lc«3  Xhm  half  & 

Bread, ,  * ,  -  •  •  S5  ojl  121  gr«^iiA, 

Buttet-..,   2        t»l  ** 

Gr«4ytt  T^etables...   m  "  SOO  " 

Me«t„..   2^  S5l  ** 


De  Gasfaajjt,  Nbie  U  E^bm  Minturt  Bef^r*. — C^mpk*  Bmdtm^ 
Piiris,  is&o,  tome  ut£.j  p,  4(K>. 

'  JoiRiSTos,  ChtmlMr^  of  V^mrHm  Lift,  New  York  1859»  toL  L,  p,  1<(§^  note. 
The  c£peritDctiU  iM^ferred  to  ako  ibowed  %  dlmuiietied  e^or^lioii  of  phoepb^ric 
acid  and  ebbtide  of  sodltiiD, 

*  n  At  Eft,  op,  mL^Ammmn  Jmt^n^  (he  MfMtxU  Seimtm,  Pliiladelpbi*, 
J  til  J,  18^>«,  p. 
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agents  than  in  men  thus  subjected  to  intense  cold  and  extra- 
ordinary hardships. 

A  study  of  the  composition  of  cofiee  shows  a  considerable 
proportion  of  what  must  be  considered  as  alimentary  matter. 
The  following  is  the  result  of  the  latest  analyses  by  Payen  : 

Composition  of  Coffee. 


Cellulose  , . .  84- 

Water  (hygroscopic)   12* 

Fatty  substances   10  to  18- 

Glucose,  dextrine,  indeterminate  vegetable  acid   16*600 

Legumine,  casdne,  etc  ,   10* 

Chlorolignate  of  potash  and  caffeine   3*6  to  6* 

Nitrogenized  organism   3* 

Free  caifeine   0*800 

Concrete,  insoluble  essential  oil   0*001 

Aromatic  essence,  of  agreeable  odor,  soluble  in  water   0*002 

Mineral  substances :  potash,  magnesia,  lime,  phosphoric,  silicic,  and  sul- 
phuric add  and  chlorine.   6*697 


100  000 

The  above  is  the  composition  of  raw  coffee,  but  the 
berry  is  seldom  used  in  that  form,  being  usually  subjected  to 
torrification  before  an  infusion  is  made.  The  roasting  should 
be  conducted  slowly  and  gently  until  the  grains  assume  a 
chestnut-brown  color.  During  this  process  the  grains  are 
considerably  swollen,  but  they  lose  from  sixteen  to  seventeen 
per  cent,  in  weight.  A  peculiar  aromatic  principle  is  also 
developed.  If  the  torrification  be  pushed  too  far,  much 
of  the  agreeable  flavor  is  lost,  and  an  acrid  empyreumatic 
principle  is  produced.  An  infusion  of  fifteen  hundred  grains 
of  roasted  and  ground  coflTee  in  about  a  quart  of  boiling  wa- 
ter, the  infusion  made  by  simple  percolation,  contains  about 
three  hundred  grains  of  the  soluble  principles.  According 
to  Payen,  this  contains  about  one  hundred  and  forty  grains 
of  nitrogenized  matters,  and  one  hundred  and  fifty-three 
grains  of  fatty,  saccharine,  and  saline  substances.  There  is 
every  reason  to  suppose  that  these  principles  are  assimilated ; 

*  Op.  cit,  p.  414. 
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and  au  infusion  of  coffee,  with  milk  and  sugar,  presents; 
therefore,  a  considerable  variety  and  quantity  of  alimentary 
matter.  The  peculiar  stimulant  effects  of  coffee  are  prob- 
ably due  to  the  caffeine  and  volatile  oil. 

Tlie  varieties  of  coffee  in  common  use  are  very  nnmerood. 
The  best  in  the  market  is  the  Arabian,  or  Mocha.  The 
characteristic  aroma  of  coffee  is  developed  by  age,  which  im- 
proves to  a  very  great  extent  some  of  the  inferior  varieties. 
The  best  Mocha  coffee  requires,  after  it  is  gathered,  three  or 
four  years  to  ripen.  In  this  country  and  in  Europe,  coffee 
is  prepared  for  use  by  simply  making  an  infusion  of  the 
roasted  and  pulverized  berry  in  hot  water,  either  by  boiling 
or  by  simple  percolation.  The  aromatic  and  active  prin- 
ciples are  best  extracted  by  the  latter  process.  They  are  but 
slightly  soluble  in  cold  water. 

An  adulteration  of  coffee,  so  common  as  to  demand  the 
consideration  of  the  physiologist,  consists  in  the  addition  of 
the  chiccory-root,  cut  into  small  pieces,  dried,  roasted,  and 
pulverized.  Tliis  gives  a  rich  brown  color  to  the  infusion, 
and  its  flavor,  not  unlike  that  of  coffee  itself,  is  not  disagree- 
able. It  has,  however,  none  of  the  stimulating  effects  before 
described ;  but  is  used  purposely,  to  a  great  extent,  by  many 
who  do  not  seek  for  the  peculiar  stimulant  influence  of  the 
pure  article. 

In  the  countries  where  coffee  is  grown,  the  leaves  of  the 
shrub,  rpas^ted  and  made  into  an  infusion,  are  quite  com- 
monly used.  Their  effects  upon  the  system  are  similar  to 
those  of  coffee,  and  it  is  said  that  the  natives  prefer  the  leaves 
to  the  berry.* 

Tea. 

An  infusion  of  the  dried  and  prepared  leaves  of  the  tea- 
plant  is  perhaps  as  common  a  beverage  as  coffee,  and  taking 
into  consideration  its  immense  consumption  in  China  and 
Japan,  is  actually  used  by  a  greater  number  of  persons.  Its 

*  JonssTos,  ChfmiMry  of  Common  Life^  New  York,  1859,  voL  I,  p.  157. 
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effects  upon  the  system  are  similar  to  those  of  coffee,  but  are 
generally  not  so  marked.  Ordinary  tea,  taken  in  moderate 
quantity,  like  coffee,  relieves  fatigue  and  increases  mental 
activity,  but  does  not  usually  induce  such  persistent  wake- 
fulness. 

It  is  unnecessary  to  describe  all  the  varieties  of  tea  in  com- 
mon use.  There  are,  however,  certain  varieties,  called  green 
teas,  which  present  important  differences,  as  regards  compo- 
sition and  physiological  effects,  from  the  black  teas,  which 
are  more  commonly  used.  The  following  is  a  comparative 
analysis  of  these  two  varieties  by  Mulder :  * 

Composition  of  Tea. 


CONSTITUX2(T8. 

Chinksk. 

Jatanesb. 

Hywn. 

CoDfrra. 

Congou. 

0-79 

0-60 

0-98 

0-65 

2-22 

1-84 

3-24 

1-28 

Wax  

0-28 

0-32 

2-22 

8-64 

1-64 

2-44 

8-56 

7-28 

12-20 

11-08 

17-80 

12-88 

17-56 

14-80 

0-43 

0-46 

0-60 

0-65 

22-80 

19-88  1 

21-68 

18-64 

1-48  1 

1-64 

23-60 

19-12 

20-36 

18-24 

3-00 

2-80 

3-64 

1-28 

17-08 

28-32 

18-20 

27-00 

98-78 

98-30 

100-42 

97-70 

6-56 

6-24 

4-76 

5-36 

Both  tea  and  coffee  possess  peculiar  organic  principles. 
The  active  principle  of  tea  is  called  theine,  and  the  active  prin- 
ciple of  coffee,  caffeine.  These  have  been  found  to  be  iden- 
tical in  ultimate  composition ;  their  formula  being  C,II,0,X,. 
As  they  are  supposed  to  be  particularly  active  in  producing 

»  Pereira,  Food  and  Diet,  New  York,  1843,  p.  190. 

Hjson  is  a  green  tea,  and  Congou  ia  black.  With  regard  to  the  proportion 
>f  Uieine  in  teas,  there  is  considerable  difference  of  opinion.  Payen  {op.  cU.,  p. 
427)  quotes  the  analyses  of  Peligot,  which  give  from  2-34  to  3  parts  per  100.  He 
^ao  found  from  20  to  30  per  cent,  of  nitrogenized  matter. 

*  A  peculiar  brown  deposit  which  slowly  takes  place  in  vegetable  extracts 
(Berzelius). 
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the  peculiar  effiecte  upon  the  nervous  Bj&tem  which  art 
Dhaiiieterl^tic  of  both  tea  and  coffee,  there  is  good  resKin 
to  euppiise  that  thej  are  ako  identical  in  their  physiological 
eftectfi*  Theine  (or  caffeine)  exists  in  greater  proportion  in 
tea  than  in  coffee ;  hutj  as  a  rule,  much  more  soluble  matter 
is  employed  in  the  preparation  of  coffee,  which  may  accoimt 
fur  iu  more  marked  effects  upon  tlie  system. 

Green  tea,  especially  in  those  unaccustomed  to  its  nee, 
firequeotly  produces  nervous  tremor,  wakefulneee^  and  dis- 
turbed eleep— when  deep  can  he  obtained — palpitations,  and 
other  disturbances  usually  termed  nerYous.  In  some  peiBons 
these  unpleasant  effects  may  be  overcome  by  habit;  and 
many  constantly  use  a  mixture  of  equal  parts  of  black  and 
green  tea  with  no  mipleasant  effects.  The  peculiar  effects 
of  green  tea  are  attributed  to  the  volatile  oil,  which  it 
tains  in  great  abundance.^ 

Tea  is  prepared  for  drinking  by  rapidly  making  an  in 
sion  of  the  leaves  with  hot  water*  The  aroma  ia  nearly 
destroyed  by  boiling.  The  proportion  generally  used  is  about 
tliree  hmidred  grains  of  tea  to  a  quart  of  water.  The  tea  is 
fij^t  covered  with  boiling  water,  and  allowed  to  eteep,  or 
draw/'  for  from  ten  to  fifteen  minutes,  in  a  wami  place ; 
and  boiling  water  is  then  ailded  in  the  quantity  desired- 
Green  tea,  treated  ui  this  way,  yields  about  twenty  per  cent, 
of  soluble  matters,  and  black  tea,  about  tweuty-three  per 
cent* 

Chocolate  is  made  from  the  iseeds  of  the  cocoa-tree,  roast* 
ed,  deprived  of  their  husk^,  and  ground  witli  wanii  rollers  into 
a  pasty  mass  with  sugar,  flavoring  substancas  being  sometimes 

^  It  la  «  question  sdll  undecided  wbettier  grepn  ie&  he  actuallj  a  dutlii^ 
rarielji  Of  whctlior  it  difibr  from  blaek  oaly  in  tbc  mode  of  ciiriiig»  The  Intei 
Qtgn^  ic«  MFC  imnilef  ind  ymmgcr  wbtu  gittUi?red^  ttiil  m  cured  mot^  rapid* 
tf  ihmu  black  tea. 
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addecl.  It  h  then  mack  into  cakea^  cut  into  ^iiiall  i^eces, 
W  scraped  to  a  powder,  and  boiled  \ritli  milk  or  milk  and 
water,  wlien  it  foiTus  a  tliick,  gruel-like  diink,  which  U 
MgMj  nutritive,  and  has  some  of  the  exhilarating  properties 
of  coffee  and  tea>  Beside  containing  a  large  proportion  of 
mtrogeni2ed  matter  resenibling  albuinenj  tJie  cocoa-seed  u 
particnlarlj  rich  in  fattj  matter,  and  contains  a  peculiar 
principlej  theobromine,  analogous  to  caffeine  and  theine, 
which  is  supposed  to  possess  simOar  physiological  properties. 

The  following  is  a  late  analysis  by  Payen*  of  the  cocoa- 
seeds  freed  from  the  htisks,  but  not  roasted.  Torrification 
ha^  the  effect  of  developing  the  peculiar  aromatic  principle, 
and  moderating  the  bitterness,  %vhich  is  always  more  or  less 
marked : 

Compmittm  of  Kemds  of  Coma. 


F&ttf  tnatt^  (cocoarl>utt6r)  ,  «...  *  4S  to  50 

AtbiuDen,  fibrin,  tud  other  mtrogenized  matter.   *  21  20 

TttM^bromine,  * , ,  «  ,  w  4  "  S 

Staroll         tr;tcc«  of  Sftcchariiie  loatter),    11  *'  10 

Celldose    3  2 

Coloring  niMter,  iirom^tia  esaence  , » . .  <   trttt'ea. 

Mtnerd  stibstani^es..    ^  to  4 

fijgroscopc  w»t€r  ,  , , ,  ,   10  to  12 

im  100 


It  is  evident,  from  the  above  table,  that  cocoa  with  milk 
and  sngar,  the  ordinary  form  in  which  chocolate  is  taken, 
must  form  a  very  nutritious  mixture.  Taken  with  a  little 
bread,  it  readily  relieves  hunger,  and  supplies  nearly  all  the 
principles  absolutely  necessary  to  nutrition.  Its  influence  as 
a  stimulant,  supplying  the  place  of  matter  which  is  directly 
iipsiuiilated  and  retarding  destructive  assimilation ,  is  depentl- 
ent,  if  it  exist  at  all,  upon  the  theobromine  \  but  its  stimu- 
lating properties  are  slight  as  compared  with  eoftee  and  tea. 

A  drink  called  cocoa  is  sometimes  made  of  the  seeds 
roa&ted  entire  and  mixed  with  a  little  starchy  matter,  but 

*  Ibid,,  p.  400. 
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this  is  not  &0  delicate  in  flavor  aa  ebocolate.  A  broww  tun- 
(dlaginoiis  iiifiisioo  is  sometimes  niacle  of  tlie  hui&ks  (&lieU&)* 
Tliis  lias  a  slight  ehocolate-flavor,  bat  does  not  possess  tlie 
nutrient  properties  of  the  kernels. 

Quantity  mid  Variety  of  Food  iiecemary  to  Nutriiion, 

The  inferior  animak^  especially  those  not  siibjeeted  to  the 
influence  of  man,  regrilate  bj  in&tinet  the  tpiantity  and  kind 
of  food  wbicb  tbey  consume.  Tbe  same  is  true  of  man  dnr* 
itig  tbe  earliest  periods  of  his  existence ;  but  later  in  life,  the 
diet  is  Yarioady  motlified  bj  ta^tCj  habit,  climatej  and  what 
may  be  termed  axtifieial  wants.  It  is  usually  a  safe  rule  to 
follow  the  appetite  with  regard  to  quantity,  and  the  tastes — 
wlien  they  are  not  manilestly  vitiated  or  morbid — with  regard 
to  variety.  The  cravings  of  nature  indicate  when  to  change 
tbe  form  in  which  nonrishment  is  taken ;  and  that  a  sufiicient 
quantity  has  been  taken  is  manifested  by  a  sense,  not  exactly 
of  satiety,  but  of  evident  satisfaction  of  the  demands  of  th© 
system.  During  the  first  periods  of  life,  the  supply  initst  be 
a  little  in  execsa  of  the  actual  loss  in  order  to  furnish  tuato- 
rials  for  growth.  During  the  latter  periods,  the  quantity  of 
nitrogenized  matter  rissimilated  is  somewhat  less  than  the 
loss ;  but  in  adult  age,  the  system  is  maint^iined  at  a  tolera- 
bly definite  standard  by  the  assimilation  of  material  about 
equal  in  quantity  to  that  which  is  discharged  in  tbe  form  of 
excretions. 

Althongb  the  actual  loss  of  snbstanee  by  disassimilation 
createis  Rud  regulates  the  demand  for  foo<\^  it  is  an  importaiit 
tact,  never  to  be  lost  sight  ofi  that  tbe  supply  of  fwd  hm  n 
very  great  influence  tipon  tbe  quantity  of  tlie  excretions. 
As  an  illustration  of  this;,  we  may  take  the  influence  of  food 
upm  the  exhalation  of  earbonic  acid ;  *  and  this  is  but  an 
example  gf  what  takes  ptace  with  regard  to  the  other  excre- 
tions. The  quantity  of  the  excretions  is  even  more  strikingly 
modifled  l>y  exercise,  which,  within  phyeiologieal  limits,  iu^ 
*  See  ToL     Hcfiplmtlon,  p.  iSfi  uq. 
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c^enses  tlie  vigor  of  the  system,  provided  tlic  increased  quau- 
tity  of  food  required  be  supplied. 

While  a  certain  amount  of  waste  of  the  system  is  inevi- 
table^ it  is  a  conservative  pj  ovision  of  Nature  that,  when  the 
finpply  of  new  material  is  diminished  5  life  is  preserved — not, 
indeed,  in  all  its  vigor — by  a  corresponding  reduction  in 
the  quiintity  of  excretions;  and,  in  the  same  way,  the  vital 
forces  Are  retained  after  complete  deprivation  of  food  much 
longer  than  it  disassimilation  proceeded  always  with  the 
mme  activity. 

^  Ab  regards  the  quantity  of  food  neeessaiy  to  maintain  the 
BVistem  in  proper  condition,  it  is  evident  that  this  must  be 
greatly  modified  by  habit,  climate,  the  condition  of  the  mus- 
cular sijstem,  age,  sex,  etc.,  as  well  as  idios^jncrasies. 

The  daily  lom  of  substance  which  must  be  supplied  by 
material  introduced  fi-om  witliout  is  veiy  great/  A  consider- 
able portion  of  this  discharge  takes  place  by  the  lungs,  and  the 
mode  of  in  tnMj  action  of  gaseous  principles  to  supply  part  of  this 
waste  belongs  to  the  subject  of  respiration.  The  most  abun- 
dant discharge  which  is  compensated  by  absorption  from  the 
alimentary  canal  is  that  of  water,  both  in  a  liquid  and  vapor- 
ous coTuliti  on.  The  entire  quantity  of  water  daily  removed 
from  the  system  has  been  estimated  at  about  loiu^  and  a  half 
pounds ;  *  mid^  assuming  that  there  is  no  evidence  of  its  pro- 
duction in  the  organism,  an  equal  quantity  must  nec^arily 
!*eintrudtiecd.  The  quantity  which  is  introduced  in  the  form 
of  drink  varies  with  the  character  of  the  f(x)d,  When  the 
mUd  ailicles  contain  a  large  proportion  of  water,  the  quan- 
tity of  drink  may  be  tUmini&hed ;  and  it  is  pttssiblc,  by  taking 
a  large  proportion  of  tlie  watery  vegetables,  to  do  without 
drink  altogether.' 

*  Prut  DaHon  estimfttes  that  the  daily  discharges  from  the  1>ody,  ineJuding 
the  putmonarj  and  cutani^us  eihuljntioii^,  amount  to  a  hHtle  mom  thjtu  seven 
poim'lf  arotrdnpois.    [  ffufnan  Fh^oif^^^  PliilailelpMa,  1871,  p.  870.) 

*  Dai^toi;,  op.  W/„  p.  65, 

'  Prof,  Chas.  A,  Lee  gives  a  fiumber  of  t'xatnplth}  of  person b  wlio  wpt:<^  pot  In 
the  li&bit  of  takiug  water,  except  limi  which  is  contained  hi  tbe  fockl ;  but  in  theie 
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There  is  no  ai'ticle  the  consumption  of  which  is  so  inufh 
a  matter  of  habit  as  water j  any  excess  which  may  be  taker 
being  readily  reniovetl  by  the  kidneys,  skiQj  and  lung*.  Pro£ 
Daltoa  cstiniati^  the  daily  quantity  necessary  for  a  full^ro wn, 
healthy  male  at  firty-two  fluid  ounceSj  or  3*38  Ihs.  avoirdupois/ 

The  quantity  of  Bolid  food  necessary  to  the  proper  noup- 
isliment  of  the  body  h  showTi  by  estimating  the  solid  matter 
in  the  excretions ;  and  the  facts  thus  ascertained  correspond 
very  closely  with  the  qnantity  of  material  which  the  system 
has  been  found  to  actually  demand.  The  estimate  of  Pay  en, 
the  quantity  of  carbon  and  of  nitrogenized  matter  in  a  dry 
state  being  given,  are  generally  quoteil  and  adopted  in  worl^ 
on  physiology.  According  to  tliis  observer,  tlie  following  are 
the  daily  Itmes  of  tlie  organism  : 

i  Eicretionfl,     926-04  "1  ^  ' 

Nitrog^liied  subatADoei  (with  BOS'68  grs.  of  NIL)   £,i>06^2       (  4*5B  tm,  at.) 

MOO'iJtJ  gr^.  (13*51  At,} 

From  this  he  estimates  that  the  normal  ration,  supposiiig 
the  food  to  consist  of  lean  meat  and  bmad,  is  as  follows : ' 

Brcftd   15,434     ^  (3JS'27  0£.)=l,080'38  gr^.  lind 

Meal. .  ♦ » • .     4,412*12  gra.  (lO  OR  oe.)—  930  05  gre.  aad 


19,84612  gre.  (45*36  oi!,)    2,010*43  gn. 


This  daily  ration,  which  is  purely  theoretical,  is  shown 
by  actnal  observation  to  be  nearly  correct.  Prof.  Dalton 
gays;  "From  experiments  performed  while  living  on  an  ex- 

Ofties  the  diet  condated  of  r^getttbl^  of  the  most  &u<7cttlent  klud.  He  meniioiif 
<m«         in  wbicti  wnLer  wat  mi  takcti  for  mow  than  a  y^r — duriiig  tfaii 

time  iho  iubjeut  not  eiperieocmg  the  ^easatloo  of  thirst  more  th^ti  two  or  ikrm 
time^i  fmd  then  iirter  cojiIoih  pcrspjmtlon  from  wortdng  tn  htyt  w«ttbor*  (Fx- 
MMttkA^  Trtittinf  on  Food  uad  Diet.,  eMted  by  CnARL£a  A,  Lee^      D.,  Xcw  Tork, 
1843,  p.  271) 
'  Op.  ml,  p,  m 

'Patl'IS,  SHhitancff  JHmmtutre^^  V(kd^,  1666,  4$%.  The  freights  luirt 
bceti  )  c<iueed  from  grtimuies  to  troj  grains^  and  otmees  nv. 
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diisive  diet  of  bread,  fi^h  meat,  and  butter,  with  coffee  and 
water  for  drink,  we  have  found  that  the  entire  quantity  of 
food  required  during  twenty-four  hours  by  a  man  in  full 
health  and  taking  free  exercise  in  the  open  air,  is  as  follows : 


Meat  

Btend  

Butter  or  fki, 
Water  


Id  ounces,  or  1*00  lb.  avoirdupois. 
19     "      "  1-19  "  ** 
8^    "       "  0-22  "  " 
62  fluid  oz.  "  8-88  " 


That  is  to  say,  rather  less  than  two  and  a  half  pounds  of  solid 
food,  and  rather  over  three  pints  of  liquid  food."  * 

Bearing  in  mind  the  great  variations  in  the  nutritive  de- 
mands of  the  system  in  different  persons,  it  may  be  stated,  in 
general  terms,  that  in  an  adult  male,  from  ten  to  twelve 
ounces  of  carbon,  and  from  four  to  five  ounces  of  nitrogen- 
ized  matter  (estimated  dry)  are  discharged  from  the  organ- 
ism, and  must  be  replaced  by  the  ingesta ;  and  this  demands 
a  daily  consumption  of  from  two  to  three  pounds  of  solid 
food ;  the  quantity  of  food  depending,  of  course,  greatly  on 
its  proportion  of  solid,  nutritive  principles.' 

It  is  undoubtedly  true  that  the  daily  ration  has  frequent- 
ly been  diminished  considerably  below  the  physiological 
standard  in  charitable  institutions,  prisons,  etc. ;  but  when 
there  is  complete  inactivity  of  body  and  iftind,  this  pro- 
duces no  other  effect  than  that  of  slightly  diminishing  the 
weight  and  strength.  The  system  then  becomes  reduced 
without  any  actual  disease,  and  there  is  simply  a  diminished 
capacity  for  labor.   But  in  the  alimentation  of  large  bodies 

'LaceiL 

'  The  corrcspoDdence  between  the  absolute  quantities  of  nitrogen  and  carbon 
contained  in  the  excretions,  and  their  proportions  in  the  food  necessary  to  sus- 
tain the  system,  is  truly  remarkable.  In  elaborating  this  idea  Payen  (op.  cii.j  p. 
488)  has  prepared  a  table  giving  the  proportions  of  nitrogen,  carbon,  fatty  mat- 
ter, and  water  in  a  hundred  different  articles,  comprising  nearly  all  the  important 
rarieties  of  food.  This  table  is  of  great  value  as  showing  the  nutritive  power  of 
different  articles  entering  into  the  dietaries  of  armies,  charitable  institutions,  etc., 
when  the  quantity  of  food  for  a  large  number  of  persons  must  be  regulated  by 
some  fixed  standard. 
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of  men^  subjected  to  exposnrcj  and  firequentlj  called  upoti 
to  pertbrm  great  laboPj  the  quet^tion  of  food  is  of  vital  im- 
portaueej  aod  the  men  collectively  are  like  a  powerful  m 
diiue  in  wliich  a  certain  quantity  of  material  must  be 
nished  in  order  to  produce  the  required  amount  of  fo 
This  important  phvaiolt^ical  fact  i^  motit  strikingly 
plified  in  armies ;  aod  the  history  of  the  world  presents  f! 
examples  of  warlike  operations  in  which  the  efficiency  of 
the  men  hm  not  been  impaired  by  insufficient  food.  In  the 
Crimea,  this  was  ot\en  the  ca^  with  both  the  Eugliah  and 
French  troops.  The  ration  of  the  British  i^ldier,  g^Ting 
abroad^  is  sixteen  ounces  of  bread,  or  twelve  ouncts  of  bis- 
cuitj  and  &ctteen  ounces  of  meat.  This  gives  6'^  ouneed  of 
carbon,  and  3"63  ounces  of  nitrogenized  matter ; '  a  quantii 
which  h  acknowledged  to  be  inenfficient ;  but  the  soldier  is 
expected  to  purchase  certain  articles  for  himself^  such  as 
coffee,  sugar,  fresh  vegetableSj  etc.  In  die  Crimea  it  was 
found  neeesi>ary  to  deviate  from  the  regular  ration ^  and  allow 
to  each  soldier  twenty-fonr  ouncea  of  bread  and  sixteen 
oimces  of  meat,  with  rice,  sngar,  coffee,  and  a  little  gpirit^* 

The  United  States  army-ration  i^  the  racist  generous  in 
the  m*orld ;  and  the  result  has  been  that,  in  the  recent  civil 
war^  scurvy  an^  other  disease  which  are  usually  iso  rife  in 
armies  subject  to  the  exposure  and  fatigue  incident  to  grand 
military  operations  have  been  c^Zimparatively  rare.  In  mtm 
of  the  long  and  arduous  campaigns  of  the  w^ar,  tlie  marchei 
made  by  large  bodies  of  troops  and  the  labor  perfomieil 
showed  an  amount  of  endurance  heretofore  unknown  in  mil- 
itary history.  The  excellent  physical  condition  of  the  men 
was  further  evidenced  by  the  remarkable  percentage  of  re- 
coveries after  serioui^  wounds  and  surgical  operations^  and 


'  C»laiklad  fnm  Pijcn's  Ublc  (<»p.  dt,  p.  488),   The  bread  i 
COD  tain  ibe  flucie  pdnciplea  ad  tb«  wblte,  Freaeh  bread,  and  %ht  meat  to  oomsie 
b0De  equal  l<>  imtsfiUb  of  its  weight. 

'  Rtpori  of  Cmmmsm^fi  to  inquiry  into  Hr^aIiom9  mfi<iin^  tht  Simiidtg 
Condition  0/  the  Arm^,  eic. — Ptfn  Doc.,  Loudon,  I  SO  8,  ifol  xnii,  pp, 
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the  slight  prevalence  of  the  ordinary  diseases,  except  those 
of  malarial  origin. 

The  following  is  the  army  ration  of  the  United  States :  * 

DaUy  Ration  of  the  United  States  Soldier. 


Brend  or  flour   22  ounces. 

Preah  or  salt  beef  (or  pork  or  bacon,  12  oz.)   20  " 

Potatoes  (when  practicable)   4*8  " 

Rice  or  hominy.   I'd  ** 

Coffee,  green  (or  tea,  0*24  oz.)   1*6  " 

Sugar   2-4  " 

Bcana  or  peas   2*4  " 

Vinegar   0  32  gill 

Salt   0-60  " 


The  bread,  meat,  and  potatoes  in  tlie  above  ration  contain 
8*78  oz.  of  carbon  and  4*77  oz.  of  nitrogenized  matter ;  in  addi- 
tion to  which  are  the  alimentary  principles  contained  in  the 
rice,  beans,  sugar,  and  coffee,  with  the  peculiar  stimulant 
effect  of  the  coffee.  The  United  States  soldier  does  not  re- 
ceive alcohol  unless  exposed  to  extraordinary  privations  or 
fatigue. 

The  influence  of  diet  upon  the  capacity  for  labor  was  well 
illustrated  by  a  comparison  of  the  amount  of  work  accom- 
plished by  English  and  French  laborers  in  1841,  on  a  rail- 
Toad  from  Paris  to  Eouen.  The  French  laborers  engaged  on 
this  work  were  able  at  first  to  perform  only  about  two-thirds 
of  the  labor  accomplished  by  the  English.  It  was  suspected 
that  this  was  due  to  the  more  substantial  diet  of  the  English, 
which  proved  to  be  the  fact ;  for  when  the  French  laborers 
were  subjected  to  a  similar  regimen,  they  were  able  to  ac- 
complish an  equal  amount  of  work.' 

In  all  observations  of  this  kind,  and  they  are  very  nu- 
merous, it  has  been  shown  that  an  animal  diet  is  much  moro 
favorable  to  the  development  of  the  physical  forces  than  one 
consisting  mainly  of  vegetables. 

*  Bevued  Untied  Stain  Army  Regtdaiions,  Philadelphia,  1868,  p.  244. 

*  LoxaR,  Traite  dejihytkh^^  Paris,  1868,  tome  l,  p.  104. 
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Clituate  liflg  ill!  important  influence  on  the  qaaotity  of 
tbod  deniancled  by  the  systeni.  It  is  generally  acknowl* 
edged  that  the  eonsuinption  of  all  kinds  of  food  is  greater  in 
cold  than  in  warm  elinniteSj  and  almost  every  one  has  experi- 
enced in  his  own  person  a  considerable  difference  in  the  ap- 
petite at  different  seasons  of  the  year.  TravellerB'  ae^sounts  of 
the  qnantity  of  fooii  taken  by  the  nativee  of  the  frigid  zone  are 
almost  incredible.  They  speak  of  men  conanming  over  a  hnn- 
dred  pounds  of  meat  in  a  day ;  and  a  Biigcian  admiral,  Saric- 
chaffj  mentions  an  instance  of  a  man  wlio^  in  hi^  presence^  mte 
al  a  single  meal  a  mess  of  boiled*  rice  and  hntter  weigh- 
ing twenty-eight  pounds,^  Though  it  k  difficult  to  re^ud 
these  statements  with  entire  confidence^  the  general  opinion 
that  the  appetite  is  greater  in  cold  than  in  warm  climates  is 
undoubtedly  well  founded.  Dr.  Hayes,  the  Arctic  explorer, 
states,  from  his  personal  oliscrvation,  that  the  daily  ration  of 
the  Esquimaux  is  from  twelve  to  filteen  pounds  of  meat, 
about  one-third  of  which  is  fat.  On  one  occasion  he  saw  an 
Esquimau  consnme  ten  pounds  of  walrng-flesh  and  bbibber 
at  a  single  meal,  which  htsted,  howeverj  several  hours.  The 
continued  low  temperature  he  found  had  a  remarkable  eftect 
on  the  tastes  of  Ins  fiwn  party <  With  the  therm ometer  rang- 
ing from  —€0**  to  —  7^>**  Fahn  there  was  a  continual  craving 
for  a  strong  animal  diet,  particularly  fatty  substanoea.  Some 
members  of  the  party  were  in  the  habit  of  drinking  the 
contents  of  the  oil-kettle  with  endent  relish/ 

Necessity  cif  a  Varied  Diet, 

In  considering  the  nutritive  value  of  the  various  alimen 
ary  principles,  the  fact  that  no  single  one  of  them  is  capable 
of  suppljHng  all  the  material  for  the  regeneration  of  the  or- 
ganism has  frequently  been  mentioned.  The  normal  appetite, 

*  CcKTHiiAia;,  A  Fedfstrhn  Jmrni^  ihm»ffh  Rttmii,  ^<?, — C0M3Tji.mi^8  Mlteti* 
ia/itf^  Edinburgh,  voL  i.,  p.  lUl. 

"HjkVES^  An  Art  tic  BMii-Jmtnutf^  Bt»siou,  i860,  pp.  257-259,  »iiaI  AmgHeam 
J^timul  ofiht  MtJM  Seimcnt,  July,  1859,  p.  lU  H  seq. 
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which  is  our  best  guide  as  regards  the  quantity  and  the 
selection  of  food,  indicates  that  a  varied  diet  is  necessary  to 
proper  nutrition.  This  fact  is  also  exemplified  in  a  marked 
d^ree  in  long  voyages  and  in  the  alimentation  of  armies, 
when,  from  necessity  or  otherwise,  the  necessary  variety  of 
aliment  is  not  presented.  Analytical  chemistry  fails  to  sliow 
why  this  change  in  alimentary  principles  is  necessary,  or  in 
what  the  deficiency  in  a  single  kind  of  diet  consists ;  but  it 
is  nevertheless  true  that,  after  the  organic  constituents  of 
the  organism  have  appropriated  the  nutritious  elements  of 
particular  kinds  of  food  for  a  certain  time,  they  seem  to  lose 
the  power  of  inducing  the  changes  necessary  to  proper 
nutrition,  and  a  supply  of  other  material  is  imperatively 
demanded.  This  fact  is  particularly  well  marked  when  tlie 
diet  consists  in  great  part  of  salted  meats,  though  it  is  also 
the  case  when  any  single  variety  of  fresh  meat  is  constantly 
used.  After  long  confinement  to  a  diet  restricted  as  regards 
variety,  a  supply  of  other  material,  such  as  fresh  vegetables, 
the  organic  acids,  and  articles  which  are  called  generally 
anti-scorbutics,  becomes  indispensable ;  otherwise  the  modifi- 
cations in  nutrition  and  in  the  constitution  of  the  blood  in 
cident  to  the  scorbutic  condition  are  sure  to  be  developed. 

It  is  thus  apparent  that  an  adequate  quantity  and  proper 
quality  of  food  is  not  all  that  is  demanded  in  alimentation ; 
and  those  who  have  the  responsibility  of  regulating  the  diet 
of  a  large  number  of  pereons  must  bear  in  mind  the  fact  that 
the  organism  demands  considerable  variety.  Fresh  vesreta- 
bles,  fruits,  etc.,  should  be  taken  at  the  proper  seasons.  It  is 
almost  always  found,  when  there  is  of  necessity  some  same- 
ness of  diet,  that  there  is  a  general  craving  for  particular  ar- 
ticles, and  these,  if  possible,  should  be  supplied.  Tliis  was 
frequently  exemplified  in  the  late  war.  At  times  wlien  tlie 
diet  was  necessarily  somewhat  monotonous,  there  was  an  al- 
most universal  craving  for  onions  and  raw  potatoes,  wliich 
were  found  by  the  surgeons  to  be  excellent  anti-scorbutics. 

With  those  who  supply  their  own  food  the  question  of  vari- 
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ety  of  diet  penerallv  regulates  iteelf;  and  in  instittitioiis,  it  b 
a  good  nile  to  follow  as  far  as  posaiblc  the  reas*>nable  tastes 
of  the  iumat^.  In  individuals,  particularly  females,  it  is  not 
uncommon  to  observe  marked  dis^irdera  in  nutrition  attribu- 
table to  want  of  variety  in  the  diet  as  well  as  an  in^1liE<;^eD| 
quantity  of  food^  as  a  matter  of  education  or  babit 

The  physiological  effects  of  a  diet  restricted  to  a 
alimentary  principle,  or  a  few  articleSj  have  been  pre 
closely  studied  both  in  the  human  subject  and  in  the  inferior 
animals.  Mageiidie  long  since  deraonstratetl  that  animals 
subjected  to  a  diet  composed  exclnaxTely  of  non-nitrogenized 
articles  died  in  a  short  time  with  all  the  symptoms  of 
inanition.  The  same  result  followed  in  dogs  confined  to 
white  bread  and  water ;  but  tliese  animals  lived  very  well  on 
the  brown  military  bread,  as  this  oontaina  a  greater  Tarietj 
alimentary  principles.'  Facts  of  tliis  nature  were  mtilti* 
plied  by  the  ^^^^elatine  commission,"  and  the  experinientt 
were  extended  to  nitrogeni^ed  Buhetances,  and  articles  ©on* 
tainiiig  a  considerable  variety  of  alimentary  principles**  In 
these  experiment-s  it  was  shown  that  dogs  eould  not  live  on 
a  diet  of  pure  musculine ;  the  api>etite  failing  entirely,  from 
the  forty-third  to  the  fifty-fit>h  day/  They  were  nouri&he4 
j)€rfectly  well  by  gluten,  whicli,  as  we  liave  seen,  is  com- 
posed of  a  number  of  different  alimentary  principles* 

Among  the  concht^ions  arrived  at  by  this  commissioti 

*  MiCKsaDtit  iVt-™  Siementaire  de  Fk}f§ioloffi£^  P«m»  1817»  tonne  iL,  p.  ^$0 
0t  iry.  Tb(»  fourtb  edttioii  of  thb  work  (Puris^  IB  36,  |k  contMitt  tlio  export 
toentfl  of  Mngtewdie  upon  Uie  eompstrative  autritiFe  powor  of  wUit«  mod  of  brov^ 
titvMd.  In  lS27f  Ticdexoaiio  And  Gmdin  pubLkhed  an  accouitt  of  eEpcridieflitt  OQ 
ge«aewbkb  vrere  confintd  lo  an  exclusive  diet  r«9p«cti¥eljr  of  gucot  iugmr,  sUrcti. 
wild  ooagulnted  wbite  ot  iJU  of  them  died  r  tbe  ome  fed  witb  gum^  on 
lixieeiith  day ;  tbe  one  fed  idlb  iug^r,  <m  tire  twentj^rsl  da/ ;  the  twn  ft-d  vrHh 
siarch,  on  the  tw^^ntv-fourtli  and  tweTtiy^aerenth  dajd,  nfspoctirelj ;  and  ibe  oci« 
l«d  TTttb  wlute  of  on  tlie  twentr^iit!i  day, — {Re^i^ehrx  Efpfr\mtfUak% 
Ph}f$i^0^quet  d  Chhmqua^  «i*r  fa  Di^fstirjn^  Parii^  I8t7»  8<*eoiid  J^irlie,  p-  SM.) 

'  The  r«fla1ts  of  the  inquiry  Into  tbu  notHtlre  VAltie  of  gflatiae  bmre  ^fmAf 
iMin  coii^d«fe4   See  page  49, 
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wliich  beaF  particularly  on  the  questions  under  confiklerationj 
were  tlie  foUowing : 

**  Gelatine,  albumen,  fibrin,  taken  separately,  do  not 
noorigli  antmak  except  for  a  ^ery  limited  period  and  in  a 
very  incomplete  manner*  In  general,  tiie:>e  substances  eouu 
eieite  an  insumionntable  disgust^  to  the  point  that  aaimala 
prefer  to  die  of  hunger  rather  than  touch  theni- 

The  same  principles  artificially  combined  and  rendered 
agreeably  sapid  by  seasoning  are  accepted  more  readily  and 
longer  than  if  they  were  isolated,  but  ultimately  they  have 
no  better  influence  on  nutrition,  for  animals  that  take  thenij 
even  in  oonsiderable  quantityj  finally  die  with  all  the  signs 
of  complete  inanition. 

Muscular  fleshy  in  which  gelatine,  albumen,  and  fibrin 
are  united  according  to  the  laws  of  organic  nature,  and  when 
they  are  as^sociated  with  other  matters,  such  as  fat^  salts,  etc., 
fluffiees,  even  in  very  small  quantity,  Ibr  complete  and  pro- 
longed nutrition/' ' 

In  Burdach's  treatise  on  physiology,  is  an  account  of  some 
interesting  experiments  by  Ernest  Biirdach  on  rabbits,  show- 
ing the  influence  of  a  restricted  diet  upon  nutrition.  Three 
young  rabbits  frtmi  the  same  litter  were  experinxented  upon, 
One  was  led  mth  potsto  alone,  and  died  on  the  thirteenth 
day  with  all  the  appearances  of  inanition.  Another  fed  on 
barley  alone  dietl  in  the  same  way  during  the  fourth  week- 
Tlie  third  was  fed  alternately  day  by  day  with  potato  and 
bftrlevj  fur  three  weeks,  and  afterward  with  potato  and  bar- 
ley given  together.  This  one  increased  in  size  and  was  per- 
Jectly  well  nourishedp* 

In  1769,  long  before  any  of  the  above-mentioned  e^speri- 
menta  were  performed,  Dr.  Stark^  a  young  English  physiol- 
'  tj  fell  a  victim  at  an  early  age  to  iU-judged  experiments 
hig  own  person  on  the  physiological  effects  of  different 

'  Op.       p,  282. 

*         BcaoACTi,  TraiH  4*  PAynWc^V,  traduk  pat  JotJRDAsr,  Pma^  1841, 
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kinds  of  food.  He  lived  for  forty-four  days  on  bread  and 
water,  for  twenty-nine  days  on  bread,  sugar,  and  water,  and 
for  twenty-four  days  on  bread,  water,  and  olive-oil ;  until 
finally  his  constitution  became  broken,  and  lie  died  from  tlie 
effects  of  his  experiments.* 

'  ThcAC  remarkable  observations  were  collectod  and  published  after  the  death 
of  Dr.  Stark,  by  Dr.  James  Carmichael  Smyth.  {The  Workt  of  the  late  William 
Stark,  M.  D.,  London,  1798.)  In  commencing  his  observations  on  diet,  Dr. 
Stark  says  that  "  Dr.  B.  Franklin,  of  Philadelphia,  informed  me  that  he  himself, 
when  a  journeyman  printer,  lived  a  fortnight  on  bread  and  water,  at  the  rate  of 
10  lbs.  of  bi-ead  per  week,  and  that  he  found  himself  stout  and  hearty  with  this 
diet,"  (p.  92.) 
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BIGESTION— PEEHEJfSIDN  AND  MABTIOATIOH* 

(fmnl  anmtigefiiefie  of  the  digr^tive  Appamtu?— Pr^heasion  of  soUda 
liq.Tiidft— KAitlt^tioii — Phy9l(>lcig]c,il  aniitomj  of  tbe  orgiuiB  of  iDiidtication — 
Eliftmel  of  the  teeth — Deutmo— Cvtiietil — Pulp-Ciivitj — Arrangement  of  th« 
leetii — Aiuvtomr  of  the  ruaiilkry  bones — Temporo-majdlljuy  urticulatioo — 
Moedei  of  tnahtieatioti — Mutsctcs  which  depre^  the  lower  jaw — Action  of  tho 
muicle^  wbicb  elevate  the  lower  jnw  and  move  it  tuterolly  »nd  antcro-po«- 
tenorlj — Acdon  of  tbe  tongue,  lip^^  and  checks  tn  mastication— Sumciuiry  of 
tbe  proccsa  of  iDastlciition. 

General  Arrangemeiii  of  the  Dlgmtim  Apparaim. 

The  inorgamc  alimentary  principles  are,  with  few  exeep- 
thuBj  introduced  in  the  form  in  which  thej  exist  in  the 
bloody  and  require  no  preparation  or  change  before  they  are 
absorbed;  bnt  the  organic  nitrogenised  principle:^  are  al- 
ways united  with  more  or  leaa  matter  possessing  no  nntritive 
propertie.^j  from  which  they  must  be  separated ;  and  even 
when  pure  they  always  undergo  certain  changoa  before  they 
b6cx>me  part  of  the  great  nutritive  fluid.  The  non-mtro- 
geniased  principles  also  undergo  changes  in  constitution  or  in 
form  preparatory  to  absorption.  Witli  the  varied  forms  in 
which  food  is  presented  to  different  animals,  we  find  great 
differences  in  the  arrangement  of  the  digestive  apparatus; 
from  the  rimple  i>onch  with  a  single  orifiee,  which  constitnte.s 
the  entire  digestive  sjetem  of  many  of  the  infusonal  animal- 
cules, to  the  immense  length  of  intestiue,  with  its  numerous 
glandular  appendages,  found  iu  the  mammalia.  In  the 
higher  classes  of  miimaU,  great  differences  exist  in  the 
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atiatomy  of  the  digestive  organs,  particularly  as  regards  ih& 
length  and  capacity  of  the  alimentary  canaL  In  the  carni' 
vora.j  in  which  tlie  food  contains  comparatively  little  in- 
digestihle  res^idue,  the  intestine  is  but  three  or  four  timea 
the  length  of  the  body  (/.  e.  from  the  mouth  to  the  anu&),  and 
the  colonj  which  receives  t!ie  residue  of  digestion j  is  of  snijdl 
capacity  ;  while  in  the  herbivora^  in  which  the  bulk  of  food, 
compared  with  it-s  nutritions  principles,  is  enormous,  there 
are  frequently  four  distinct  cavities  to  the  stomachy  and  the 
intestine  is  ten,  twelve,  and  in  Bome  {the  eheep)  twenty-eight 
times  the  length  of  the  body,  with  a  colon  of  very  lai*ge  si^e. 
The  food  of  man  is  derived  from  both  the  animal  and  vege- 
table kingdom,  and  in  length  and  capacity,  the  alimentary 
canal  is  between  that  of  the  camivora  and  the  herbivora,  be- 
ing from  six  to  seven  times  the  length  of  the  body,* 

A  full  meal  probably  occupies  from  two  to  four  hours  in 
its  digestion,  this  depending,  of  course,  on  the  kind  of  food, 
the  fineness  of  its  comminution  by  mastication,  etc'  The 

*  Cttvier,  Zfftm*  ifAmfomie  Comparee^  Pnris^  1^36^  tome  ir,,  BeuiL^tne  Par' 
IIq,  p.  1*1^.  hi  ihm  work  ts  givi^n  a  long  and  elaborate  tahte  af  meftsunMiietils  uf 
Xh&  intefltmes  as  compared  with  tbc  IcDgth  of  <]ie  trunk  ;  ihc  meaEurements  of  the 
mtestiti^f  indudiikg  all  between  the  pjlorixs  and  (be  auuB,  titid  Ifae  tDcosm^ment 
or  the  trunk,  m  the  matntnalia,  extending  fr^m  the  m<JUtt4  to  the  finus.  Taking  ihe 
latter  measurement  m  the  human  auhject  as  from  two  and  a  quart«^r  to  two  anil 
a  half  feeii  the  length  of  the  Intestloat  catml  would  be,  in  gei)er«t  terms^  from  fif- 
teen to  cightcf*(3  feet«  Tbb  U  much  leaa  than  the  estimate  generallj  giwti  in  work^ 
on  auatom}\  in  tvhk-h  the  m^iistiremt'Dta  given  varj  between  twenty  and  thirtj  feei. 
In  the  natural  condition  of  the  parts^  the  estimate  of  Cyvier  h  perhaps  preity  nmr 
the  truihf  for  tbo  inteetlQcs  arc  very  eirtenglblef  and  are  mtieh  longer  whtn 
taclwd  from  the  mesenterr  and  stretched  out,  than  they  are  in  *iiM ;  but  the 
otandard  of  in  ensure  ment;    e.^  the  length  of  the  body,  is  very  indefinite. 

*  Thifl  (^timate  is  roufjhly  matle  from  the  eelebrated  experiments  of  Dr.  Beau* 
moTtt  hi  the  case  of  Aleiti^  ^¥t.  Martin  (ExpeHtntnU  and  Oh^erviiii^tiM  tm  the  Om~ 
Irk  Jvke  mhd  ih$  Fht/fdoJoff^  i>/  Dtt^ion^  Flattsburg,  ISSSy,  In  onw  of  tbeac  ob- 
0ervaticm«,  al^er  a  moat  of  roast  turkey,  potatoe^^  and  bi^cad,  the  stutniieh  was 
fotind  empty  in  two  and  a  Imlf  hours  (p.  111).  The  atomach  wm  found  empty 
one  hour  and  tliirty^five  mmutee  after  a  breakfast  of  veni^on'^toak,  cranberry- 
jt^Uy^  anJ  fin'ad  (p.  lA*!).  From  a  lar]ge  number  of  observatJoDS,  Dr.  Betdimonl 
conelude^  **  that  the  time  req«ired  for  the  disposal  of  a  moderate  meal  of  thr 
€brou^»  partft  of  meat^  with  bread^  etC|  i*  from  three  Ic  three  and  a  half  hour*.'* 
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matters  taken  into  the  stomach  consist  generally  of  all  varie- 
ties of  alimentary  principles,  and  they  are  exposed  to  certain 
mechanical  processes  in  the  mouth  and  alimentary  canal,  and 
to  the  action  of  various  secreted  fluids. 

In  the  mouth,  the  food  is  divided,  as  the  occasion  de- 
mands, by  the  incisor  teeth,  and  is  then  passed,  by  the  action 
of  the  cheeks  and  tongue,  between  the  molars,  where  it  is  sub- 
jected to  mastication.  During  this  process  it  is  mixed  with 
the  various  fluids  which  compose  the  saliva,  and  becomes  more 
or  less  coated  with  the  tenacious  secretions  of  the  mucous 
follicles  of  the  buccal  cavity.  It  is,  or  should  be,  reduced 
in  the  mouth  to  a  pultaceous  mass,  with  which  the  saliva, 
particularly  that  from  the  parotid  gland,  is  thoroughly  incor- 
porated; while  tlie  secretion  of  the  submaxillary  and  the 
sublingual  gland,  being  more  viscid,  has  a  greater  tendency 
to  coat  the  exterior. 

By  the  action  of  the  tongue,  the  alimentary  bolus,  after 
mastication,  is  passed  back  to  the  pharynx,  where,  by  the 
successive  action  of  the  constrictor  muscles,  it  is  forced  into 
the  oesophagus.  This  tube  leads  from  the  pharynx  to  the 
stomach,  and  is  provided  with  tliick  muscular  walls,  by  the 
contraction  of  which  the  food  is  passed  into  this  cavity,  which 
serves  at  once  as  a  receptacle  for  the  food,  and  an  important 
active  organ  in  digestion.  * 

The  stomach  is  covered  externally  by  the  general  perito- 
neal covering  of  the  abdominal  organs.  It  is  provided  witli 
a  mucous  membrane,  which  secretes  the  gastric  juice  and  ab- 
sorbs the  water  with  inorganic  and  other  principles  in  solu- 
tion.   The  stomach  also  has  muscular  walls,  composed  of  un- 

In  this  be  only  baa  reference  to  the  action  of  the  stomach ;  but  the  food  passes 
giadually  from  ibis  organ  bito  the  intestinal  canal,  and  the  digestion  is  then 
completed  very  rapidly.  In  many  instances,  after  a  good  breakfast,  Dr.  Beau- 
mont  found  the  stomach  empty  in  less  than  two  hours ;  but  it  sometimes  required 
more  than  four  boars  to  dispose  of  the  food  taken  at  dinner.  In  later  ohserra- 
tionB  on  St  Martin,  in  1866,  by  Prof.  F.  G.  Smith,  of  Philadelphia,  it  is  stated 
that  food  was  never  found  in  the  stomach  for  more  than  two  hours. — {Expert* 
tneet  mr  ia  DigeiHon, — Journal  de  la  Physiologie,  Paris,  1858,  tome  i.,  p.  146.) 
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Btriped  muscular  fibres  arranged  in  two  principal  lajetB, 
Nearly  all  the  principles  euntained  in  food  are  modi  tied  by  the 
gastric  juice,  and  some  are  eompletelj  lit|uefied  and  ab$.orbed 
in  the  atoiiiacK  By  the  action  of  the  gastric  juiee,  tiie  IIkmJ, 
comminuted  and  incorporated  with  the  fluids  of  the  mouth, 
is  farther  reduced  to  a  pultaccDTis  mags,  which  was  formerly 
called  the  eh^Tne ;  the  muscular  oiovenients  of  the  gtomach 
turning  it  over  and  over,  so  that  it  may  become  thoroughly 
incorporated  witH  the  fluids.  These  nioveuients  bave  a  ten- 
dency to  force  the  tbod^  as  it  becomejs  sufficiently  liquetied, 
into  the  small  intestine;  and  a  large  collection  of  cijnculai* 
muecular  fibres,  called  sonietimes  the  pyloric  muscle,  ^t^inds 
at  the  pylorus  as  a  guard,  allowing  the  liquid  portions  to 
pass  gradually  tlirough,  but  sending  back  the  lai*ger  masses 
to  be  further  acted  upon  in  the  stomach. 

By  tlieee  movements,  a  great  portion  of  the  food^  prepared 
by  the  action  of  the  stomachj  is  slowly  forced  into  the  sinidl 
intestine.  This  tube,  from  fifteen  to  tvrenty  feet  in  length,  is 
covered  with  peritoneum  and  loosely  bound  to  the  spinal 
eolinnn  by  the  me^enteryj  which  is  formed  of  the  two  fulds 
of  the  peritoneum,  and  is  sufficiently  long  to  allow  of  free 
movements  of  the  intestines  over  each  other  and  in  the  ab» 
domiual  cavity,  except  the  first  few  iuche.-^,  where  it  is  pretty 
firmly  attached  to  the  posterior  abdominal  walL  The  small 
intestine  commences  by  a  dilated  portion  eight  or  tt*n 
inches  in  length,  called  the  duodenum*  The  remainder  is 
divided  into  the  jejunmn  and  the  ileum.  The  former  eiii- 
bracas  the  upper  two-fifths  of  the  intestine,  but  there  is  no 
distinct  line  of  separation  between  it  and  tlie  ileum.  The 
mucous  membrane  lining  the  small  intestine  is  thick,  pro- 
vided with  an  immense  number  of  villi,  and,  particulai-ly  iu 
the  upper  portion,  is  thrown  into  transverse  folds  which  are 
called  the  valvulPB  conniventes.  These  disappear  in  tlie  lower 
part  of  the  ileum.  They  an^  peculiar  to  the  human  subje<5t. 
Thickly  set  in  the  upper  part  of  the  duodenum,  and  scattered 
through  its  lower  portion  and  the  upper  part  of  tlie  jejunum, 
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are  small  compoimd  follicles  called  the  glands  of  Briinner ; 
and  throughout  the  whole  of  the  intestine  are  simple,  blind 
follicles,  called  the  follicles  of  Lieberkiihn.  These  glandu- 
lar organs  secrete  the  intestinal  juice.  As  the  food  passes 
from  the  stomach  into  the  intestine,  it  imbibes  the  bile  and 
pancreatic  juice,  which  are  poured  into  the  duodenum,  as 
well  as  the  intestinal  juice. 

•  Between  tlie  mucous  membrane  of  the  small  intestine 
and  the  peritoneum  are  two  layers  of  unstriped  muscular 
fibres ;  by  the  progressive  peristaltic  action  of  which,  the 
food  is  passed  slowly  on  toward  the  large  intestine.  The 
alimentary  principles,  liquefied  and  prepared  by  digestion, 
are  gradually  absorbed  by  the  blood-vessels  of  the  intestinal 
mucous  membrane,  and  by  the  lacteals. 

The  indigestible  residue  of  the  food  is  passed  by  peris- 
taltic action  into  the  large  intestine.  This  portion  of  the  ali- 
mentary canal  is  from  four  to  six  feet  in  length ;  and,  like  the 
small  intestine,  has  a  peritoneal,  mucous,  and  muscular  coat. 
Under  ordinary  conditions  the  large  intestine  is  not  con- 
cerned in  digestion.  It  simply  retains  the  residue  of  food, 
with  certain  excrementitious  substances,  untiV  its  contents 
are  expelled  by  the  act  of  defeecation. 

Prehemion  of  Solids  and  Liquids, 

The  difierent  modes  of  prehension  form  a  very  interest- 
ing part  of  the  physiology  of  digestion  in  the  inferior  ani- 
mals; but  in  the  human  subject,  the  process  is  so  simple 
and  well  known  that  it  demands  nothing  more  than  a  pass- 
ing mention.  The  mechanism  of  sucking  in  the  infant  and 
of  drinking  is  a  little  more  complicated.  In  sucking,  the  lips 
are  closed  around  the  nipple,  the  velum  pendulum  palati  is 
applied  to  the  back  of  the  tongue  so  as  to  close  the  buccal 
cavity  posteriorly,  and  the  tongue,  acting  as  a  piston,  pro- 
duces a  tendency  to  a  vacuum  in  the  mouth,  by  which  the 
liquids  are  drawn  in  with  considerable  force.  This  may  be 
dorfb  independently  of  the  act  of  respiration,  which  is  ueees- 
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sarily  arrested  only  during  deglutition ;  for  the  mere  act  of 
suction  has  never  any  thing  to  do  with  the  condition  of  the 
thoracic  walls.  The  meeliani^m  of  drinking  from  a  vBssel  i^ 
essentially  the  same.  The  Tessel  is  inclined  so  that  the  lip^ 
are  kept  covered  with  the  liquidj  and  are  closed  around  the 
edge.  By  a  gentle  encking  action  the  liquid  u  then  intro- 
duced. This  h  the  ordinary  mechanism  of  drinking ;  but 
€onietimes  tlie  head  is  thrown  back  and  the  liquid  is  ponred 
into  the  mouthy  as  in  toeing  off''  the  contentg  of  a  small 
veseel,  as  a  wine-glass/ 

In  drinking  from  a  spoon,  or  in  taking  hot  liquids^ 
or  when  it  is  desired  to  introduce  but  a  small  qtiantity  at  a 
time,  the  liquid  is  drawn  into  the  mouth  with  an  act  of 
inspiration.  In  tliis  process  the  lips  are  not  covei*ed  by  the 
liquid,  m  in  ordinary  drinking,  and  it  entera  the  moutb  with 
a  more  or  less  audible  sound. 

Masitcdiion. 

In  the  human  subjectj  niechanieal  division  of  food  in  the 
month  is  neitlier  so  completely  and  laboriously  effected  as  in 
the  herbivorA,  particularly  the  rnminants,  nor  is  the  proce^^ 
so  rapid  and  inij>erfect  as  in  the  camivora.  In  order  that 
digestion  may  take  place  in  a  perfectly  natural  manner^  it  is 
neces&ary  that  the  fuodj  as  it  is  received  into  the  stomach, 
should  be  so  far  comniiouted  and  incorporated  with  the  fln- 
ids  of  the  month  as  to  be  readily  acted  upon  by  the  gastric 
juice ;  otherwise  stomach-digestion  is  prolonged  and  difficult, 
Xon-observance  of  this  physiological  law  is  a  freqnent  cause 
of  what  is  generally  caUed  dyspepsia.  In  animals  that  do 
not  masticate,  as  some  which  live  exclusively  on  fleshy  the 
pfoeees  of  itomach-digeetion  is  mnch  more  prolonged  than 

^  Anj  ane  can  easily  ctitiTfaoe  liimself  tlial  tbe  cmUitAij  mechaiikni  of  iXfmk- 
ing  is  bv  fiuctuin,  by  ^imptj  anftljiing  hrs  own  movemeDta  during  tbis  %ct,  The 
v«ud  h  iDrliui^  90  9^  slmplj  to  eorer  the  kips,  And  noi  sutfidentlj  to  pour  ik^ 
Vqoid  inio  the  mauth;  mid  ihe  fad  that  u  hucIIod  fbrce  h  exert£d  bj  iht  mouth 
hecmm  vetj  erldeut  irtieti  the  attentioa    directecl  to  tt. 
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in  the  human  subject,  eveu  wLeii  the  diet  the  same ;  and 
it  h  found  that  while  man  must,  as  a  rulej  take  food  two  or 
tliree  tiinee  in  the  day,  the  carnivoroEs  animals  are  generally 
liest  nouri&hefl  when  food,  in  proper  {juantity,  is  taken  but 
once  in  the  twenty-lbui*  houn^.  In  the  caruivora,  the  propor- 
ttonate  r^uantity  of  tbod  h  greater  than  in  man,  and  digej^tion 
IB  much  more  prolonged. 

The  comparatiYe  anatomy  of  the  organs  of  mastication 
make3  it  evident  that  the  human  race  is  designed  to  live  on  a 
mixed  diet ;  but  experience  has  shown  that  man  can  be  nour- 
iahed  for  an  indefinite  period  on  a  diet  compo^d  exclusively 
of  eitJier  animal  or  vegetable  principles, 

PAt/stoioffiad  Anakmiy  of  the  Orgam  of  JfaMimiion. 

In  the  adult,  each  jaw  is  provided  with  ei^en  teeth,  all 
of  which  are  about  eipally  well  dcvelope^L  The  canines^  so 
largely  developed  in  the  camivora,  but  which  are  rudiment- 
ary in  the  herbivora,  and  the  inci&oiB  and  molars,  m  per- 
fectly developed  in  the  herbivora,  are,  in  man,  of  nearly  the 
same  length*  Each  tootli  presenta,  for  anatomical  descrip- 
tion,  a  crown,  a  neck,  and  a  root  or  fang.  The  crown  is 
that  portion  which  is  entirely  imcovered  by  the  guina ;  the 
root  is  that  portion  em!>edded  in  the  alveolar  cavities  of  the 
maxillary  1  Mimes;  and  the  neck  is  the  portion,  sometimes 
glightly  constricted,  situated  between  the  crown  and  the  root^ 
covered  by  the  edge  of  the  gum.  Thin  sections  of  the  teeth 
gliow  tliat  they  arc  comj^osed  of  several  diatinct  structures. 

Enamel  of  the  Teeth. — ^Tlie  crown  is  covered  by  the  enam- 
el, whicli  is  by  far  the  hardest  structure  in  the  economy* 
This  is  T^hite  and  glistenin|r,  and  is  thickest  on  the  lower 
portion  of  the  tooth,  esiiecially  over  the  surfaces  which, 
from  being  o[>posed  to  each  other  on  either  jaw,  are  most 
exposed  to  wear.  It  here  exists  in  several  concentric  layers. 
The  incn^station  of  enamel  becomes  gradually  thinner  tow- 
ard the  neck,  where  it  ceases.    Microscopical  examination 
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fhows  that  the  enamel  is  iDade  up  of  pentagonal  or  hexugi^ 
nal  mk,  one  end  resting  upon  the  subjacent  structure,  and 
the  otherj  when  there  exisis  but  a  single  layer  of  enatuel,  ter- 
tiitnating  just  beneaitb  tlie  entiele  of  the  teeth.  The  bardna§ii§ 
of  the  enamel  vanes  in  different  persons.  In  some  it  is  so  mW 
that  in  middle  lite  it  becomes  worn  away  trom  tlie  opposing 
surfaces,  and  occasionally  the  teeth  are  worn  down  almost  to 
the  gums  ;  while  in  others  tlic  enamel  remains  over  them^wn 
of  the  tooth  even  in  old  age- 

The  exp<;jsed  surfaces  of  tlie  teeth  are  still  farther  pro- 
tected by  a  membrane,  from  j^i^^  to  ti\wj  inch  m 
tliickue^^  closely  adherent  to  the  enamel^  called  the  cutiGle 
of  the  enameL  This  delicate  membrane  may  be  demon- 
strated  in  thin  sections  of  yonng  teeth  by  the  addition,  under 
the  microecope^  of  weak  hydrochloric  acid.  The  acid  at- 
tacks tlie  enamelj  protluetng  little  bubbles  of  gas  which  presd 
out  the  membrane  from  the  edge  of  the  pr^paratioOj  and 
thus  render  it  apparent.  The  cuticle  presents  a  strong  resist- 
ance to  reagenti3j  and  undoubtedly  is  very  uscfid  in  protect- 
ing the  teeth  from  the  action  of  adds  which  may  find  their 
way  into  the  month. 

Denime. — The  largest  portion  of  the  teeth  composetl 
of  a  peculiar  structure  called  dentine^  or  ivory.  In  many  re- 
gpects,  particularly  in  its  composition,  this  resembles  bona ; 
but  it  is  much  harder,  and  does  not  possess  the  laeunfe 
and  eaualicuU  which  are  charactenstic  of  the  true  oeseoifes 
§tractiire.  The  dentine  bounds  and  encloses  tibe  centml  eav- 
ity  of  the  tootli,  extending  in  the  crown  to  the  enamel,  and 
in  the  root  to  the  cement.  It  ia  formed  of  a  homogeneous 
lundamental  substance,  which  is  penetrated  by  an  imnienso 
numi>er  of  canals  radiatini^  from  the  pulp-cavity  toward  the 
exterior.  These  are  called  tiie  dentinal  tubules  or  canals* 
They  are  from  ^ji^^  to  tt^vt  ^f  ui^h  in  diameter,  with 
walls  of  a  thiclcne^  a  little  less  than  their  caliber.  Their 
course  is  slightly  wavy  or  spu'aL    Commencing  at  the  pulp 
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cavity  J  into  wldeU  these  canals  open  by  innumerable  little 
cirifice^i,  they  are  found  to  brant-li  and  occasion  ally  ana&to- 
trnxe^  tlieir  commuiiications  and  branches  becoming  more 
niinierons  as  they  approach  the  external  surface  of  the  tootJi. 
The  eanalji  of  largest  diameter  are  finind  next  tlie  pulp^;av- 
ity,  and  they  become  BmaUer  as  they  branch.  The  structure 
which  forms  the  walk  of  these  tubules  is  somewhat  denser  than 
the  intermediate  portion,  which  is  sometimes  called  the  inter- 
tiil>ular  substance  of  the  dentine ;  but  iu  some  portions  of  the 
tooth,  the  tubules  are  so  numerous  that  tlieir  walls  touch 
each  otheFj  and  there  is,  therefore,  no  inter-tubular  substance. 
If  ear  their  origin  and  near  the  peripheral  terminations  of  tlie 
dentinal  tubuIeSj  are  sometimes  found  stdid  globular  ma^es 
of  dentine,  called  dentine-globules,  which  irregularly  bound 
triangular  or  stellate  cavities  of  very  variable  size-  These 
c-avities  have  been  eonmdered  as  lacuiiiCj  like  the  lacunar  of 
true  bone ;  but  this  view  h  not  held  by  the  beat  and  most 
recent  observers.  Sometimes  the*je  cavities  are  very  nimier- 
oiB,  and  form  regular  zonea  near  the  peripheral  termination 
of  the  tubulee.  The  dentine  is  sonietinies  marked  by  con* 
centric  lines,  indicating  a  laniellated  arrangement.  In  the 
natural  condition,  the  dentinal  tubules  are  filled  with  a  clear 
fluid,  which  penetrates  from  the  vascular  structures  in  the 
pulp-cavityp 

Cem^mt — ^Covering  the  dentine  of  the  root,  is  a  thin  layer 
of  true  bony  stnicturej  called  the  cement,  or  crusta  peh-osa* 
This  is  thickest  at  the  summit  and  the  deeper  portiouB  of  the 
root,  where  it  is  sometimes  lamellated,  and  becomes  thinner 
near  the  neck.  It  finally  becomes  contiuuoxis  mtJi  the  en- 
amel of  the  crown,  so  that  the  dentine  is  everywhere  com- 
pletel}'  covered.  The  cement  contains  true  bone-laeuuBe  and 
caBaliculi,  and  iu  very  old  teeth,  a  few  Haversian  canals, 
except  near  the  neckj  where  tlie  layer  is  very  thin*  It  is 
elo*i<:^lv  a<lberenfc  to  the  dentine  and  the  periosteum  lining 
the  alveolar  cavities. 
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Pulp-Ca^nity.^ln  tlie  interior  of  eaeli  tootlij  erf 
from  the  apex  of  the  root  or  roots  ioto  the  crovm,  b  the  ptilp- 
aavit  J,  which  eontaiiiB  a  collection  of  imnttte  blood-veseels  and 
nervous  filamentSj  held  together  by  longitudinal  fibres  of  the 
white  fibrous  tissue.  This  is  the  only  portion  of  the  tuoth 
endowed  with  sensibility.  Its  blood-A-essels  and  nerves  pene- 
trate l>y  a  little  orifice  at  the  extremity  of  the  root. 

The  dentine  and  enamel  of  the  teeth  must  be  regarded  as 
perfected  structures ;  for  when  the  second  or  pemianent  teeth 
are  lost,  they  are  never  reproduced,  and  when  these  parts  are 
invaded  by  wear  or  by  decay,  they  are  incapable  of  regen- 
eration. The  integrity  of  the  pulp,  even,  is  not  nee^ary  to 
the  stability  of  the  teeth;  for  examples  are  numerous  in 
which  the  pul[>  loses  its  vitality  fiom  various  causes,  and  yet 
the  tooth  remains,  is  as  servieeable  as  ever,  being  only  dig- 
eolorcd  by  the  decomposition  of  the  structures  in  the  pul|*- 
cavity,  which  can  neither  escape  nor  become  absorbed, 

The  descriptive  anatomy  of  the  teeth  in  the  human  sub- 
ject shows  how  well  calculated  they  are  to  perform  their 
varied  function^  and  how  admirably  they  are  adapted  to  a 
diet  composed  of  articles  derived  from  both  tte  animal  and 
vegetable  kingdom*  The  tJiirty-two  permanent  teeth 
divided  as  follows ; 

1.  Eight  incisorSj  four  in  each  jaw,  called  the  central  and 
lateral  incisors. 

%  Four  canine,  or  cuspid ati,  two  in  each  jaw,  just  back 
of  the  incisors.  The  upper  canines  are  sometimes  called  the 
eye-teetli,  and  the  lower  caniiiea,  the  stomach-teeth. 

3-  Eight  biciispid^ — the  small,  or  false  molars — just  back 
of  the  canines ;  four  in  each  jaw, 

4,  Twelve  molars,  or  multicuspid,  situated  just  back  of 
the  biscuspid ;  d%  iu  each  jaw. 

The  incisors  are  wedge-abape<:i^  fiattened  antero-poiteii- 
orly,  aud  lievelled  at  the  expense  of  the  posterior  face,  gtving 
them  a  sharp  cutting  edge,  which  is  sometimes  perfectly 
straight,  but  is  generally  more  or  less  rounded.    The  upj^er 
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incitors  are  generally  larger  and  stronger  than  tlic  lower, 
la  the  upper  jaw  the  central  incisoi^  are  larger  than  the  lat- 
eral ;  while  in  the  lower  jaw  the  lateral  incisors  are  larger  than 
the  central.  Each  of  the  incisors  has  but  a  siugle  root.  The 
special  function  of  the  incisor  teeth  is  to  diiride  the  food  as 
it  m  taken  into  the  mouth*  The  permanent  incisors  make 
their  appearance  from  the  seventh  to  tlie  eighth  year. 

Tlje  eaninee  are  more  conical  and  pointed  than  the  iri- 
cij^ors,  and  have  longer  and  larger  rootSj  especially  those  in 
the  upper  jaw.  Their  roots  are  single.  They  are  used  to 
K>me  extent,  in  connection  with  the  incisors,  in  dividing  the 
fiiod ;  hut  have  no  prominent  function  in  tearing  the  food, 
m  in  the  eamivora,  In  which  they  are  extraordiuarily  de- 
TelopefL  The  permanent  canines  make  their  appearance 
from  the  eleventh  to  the  twelfth  year. 

The  bicuspid  teeth  are  shorter  and  thicker  than  the 
canines.  Their  opposed  surfaces  are  rather  broad  and  are 
nnarked  by  two  eminences.  The  upi.>er  bicuspids  are  some- 
what lai^r  than  the  lower.  Tlie  roota  are  eingle,  but  in 
the  upper  jaw  are  slightly  bifurcated  at  their  extremities. 
They  are  usedy  with  the  true  molars,  in  triturating  the  food. 
The  pennanent  bicuspids  make  their  appearance  trom  the 
ninth  to  the  tenth  yean 

The  molar  teeth,  called  resi>ectively — counting  from  betore 
backwanl— the  firstj  second,  and  third  molars,  are  the  largest 
of  ail,  and  are, p^ir  excellence^  the  teeth  used  in  inasticatioi». 
Their  form  is  that  of  a  cube,  rounded  laterally^  and  pro\nded 
with  four  or  five  eminences  on  their  opposed  surfaces.  The 
first  molars  are  the  largest.  They  have  generally  three  roots 
in  the  upper  jaw,  and  two  in  the  lower;  although  they  some- 
times have  four  and  even  five  root^.  The  second  molars  are 
but  little  smaller  than  the  first,  and  resemble  them  in  nearly 
erery  particular-  The  third  molars,  called  frequently  the 
wisdom-teethj  are  much  smaller  than  the  others,  and  are  by 
no  means  so  iisefnl  in  mastication.  In  the  upper  jaw  the 
root  is  grooved  or  impertectly  divided  into  three  branches^ ; 


144 


BIGESTIOX. 


but  in  tlie  lowei  jaw  it  generally  has  two  distinet 
The  fir^t  molars  are  the  fii:^t  of  the  pemianent  teeth ;  m 
their  appearance  between  the  eixth  aud  the  seventh  y 
Th*:*  eeeond  molars  appear  frum  the  twelfth  to  the  thirteen 
year;  md  the  third  molars  fixim  the  seventeentli  to  the 
twenty-first  year,  and  pimetime^  even  much  laten  In 
Bome  in&tiinees  the  third  molars  ^pe  never  developed. 

The  upi:>er  jaw  hm  ordinarily  a  somewhat  longer  and 
broader  arch  than  the  lower;  so  that  when  the  mouth  h 
closed  the  teeth  are  not  brought  into  exact  apposition,  but 
the  upper  teeth  overlap  the  lower  teeth  both  m  front  and  lat- 
erally. The  lower  teeth  are  all  somewhat  smaller  than  the 
corre^poodiDg  teeth  in  the  upi>er  jaw.  and  generally  omke 
their  appearance  a  little  earlier. 

The  physiological  anatomy  of  the  majdllant'  bones  and  of 
the  temfK)ro-maxillary  articulation  neceeearily  precedes  tbe 
Btudy  of  the  muscles  of  mastication  and  the  mechazLism  of 
their  action,' 

The  Bttpcrior  maxillary  bones  are  immovably  artietilated 
with  the  other  boue^  of  the  head,  and  do  not  usually  take 
any  active  part  iu  mas  Heat  ion ;  but  their  inferior  bonJers, 
with  the  upper  teeth  embedded  in  the  alveolar  cavities 
pre^nt  fixed  surlaces  against  whJc^  the  food  is  pregged  by 
the  action  of  tlie  muscles  which  move  the  lower  jaw. 

The  inferior  maxilla  is  a  single  bone.  Its  \K*dy  is  hor- 
izontal, of  a  horse-ihoe  shapej  and  in  the  alveolar  cavities  id 
its  superior  border  are  embedded  the  lower  teeth.  Below 
the  teeth,  both  externally  aud  internally^  are  surfaces  for  the 
attachments  of  the  muscles  concerned  in  the  variouj^  move- 
ments of  the  jaw,  and  one  of  the  muscles  of  the  tongue 

Behind  this  horisoutal  body^  on  either  side,  m  a  vertieal 

■  The  mccb«ni4im  of  inA^c«tiaii  fn  the  htiioaii  fubj^ct  is  movt  eom|ilex  tlM 
in  mnr  of  tbe  infetlof  Aolnub ;  and  it  nb^fjltttdj  n^fsaur?  ko  mt^r  mUt  tolcn^ 
bir  miattte  detaii^  ^f  th«  9^*4>mj  of  the  pMt»  coQocrned  in  this  function,  La  or- 
jcr  to  comprebeod  their  phjiiok|gj« 
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portiou  called  the  ramus.  In  tlie  adult,  this  forms  nearly  a 
r^ht  augle  with  the  body,  making  what  is  called  the  angle 
of  the  jaw.  Superiorly,  the  ramus  terminates  in  two  pro- 
cesses, separated  by  ^  deep  groove  called  the  sigmoid  notch. 
The  posterior  process  is  the  condyle,  or  condyloid  process ; 
the  anatomy  of  which  will  be  considered  farther  on  in  treat- 
ing of  the  temporo-maxillary  articulation.  The  anterior  pro- 
cess, called  the  coronoid  process,  is  for  the  attachment  of  the 
temporal  muscle,  one  of  the  most  powerful  of  the  muscles  of 
mastication.  The  greater  portion  of  the  external  surface  of 
the  ramus,  extending  down  to  the  angle,  is  for  the  attach- 
ment of  the  masseter  muscle.  The  internal  surface  of  the 
ramus  gives  attachment  to  several  muscles ;  viz.,  the  external 
pterygoid,  attached  to  the  neck  just  below  the  condyle ;  the 
tem|)oral,  the  attachment  to  the  coronoid  process  being  much 
more  extensive  on  the  internal  than  on  the  external  surface ; 
and  the  internal  pterygoid,  which  has  its  attachment  at  the 
angle. 

Temporo 'Maxillary  Articulation, — The  various  classes 
of  mammalia  present  great  differences  in  the  temporo-maxil- 
lary articulation— differences  which  indicate,  to  a  great  ex- 
tent, their  natural  diet.  In  the  carnivora,  the  long  diameter 
of  the  condyle  is  transverse,  and  it  is  so  firmly  embedded  in 
the  deep  glenoid  cavity  of  the  temporal  bone,  as  to  admit  of 
extended  movements  in  but  one  direction.  In  these  animals, 
lateral  and  antero-posterior  sliding  movements  of  tlie  jaw  are 
impossible,  and  there  is  very  little  mastication  of  the  food. 
In  the  rodentia,  the  long  diameter  of  the  condyle  is  antero- 
posterior, the  peculiar  gnawing  movements  in  these  animals 
requiring  a  considerable  sliding  movement  of  the  lower  jaw 
in  this  direction.  In  the  herbivora,  particularly  the  rumi- 
nants, the  condyle  is  small  and  slightly  concave  instead  of 
convex,  as  in  most  other  animals.  It  moves  on  a  large  pro- 
jecting surface  on  the  temjwral  bone,  and  the  entire  jaw  is 
capable  of  remarkably  extensive  lateral  movements. 


In  man,  the  articulatioa  of  tlie  lower  jaw  with  the  tem|>o- 
ral  bone  h  such  as  to  allow,  to  a  considemble  extent,  of  im 
antero-p*isterior  Bliding  moTement  and  a  lateral  moTement,  in 
addition  to  the  ordinary  niovementa  of  elevation  and  depre^ 
mon.  The  condyloid  proe^ies  h  wmex^  with  an  ovoid  surfaea, 
the  general  direction  of  its  long  diameter  being  transverse  and 
slightly  oblique  from  without  inward  and  from  before  back- 
ward. This  process  is  received  into  a  cavity  of  L^rreapond- 
iug  shape  in  the  temporal  bone,  called  the  glenoid  fo66ft, 
which  h  btmnded,  anteriorily,  by  a  rounded  eminence  (emi- 
nentia  artimilaris),  the  uses  of  which  will  he  more  fully  de- 
scribed in  connection  with  the  movements  of  the  jaw. 

Between  the  condyle  of  the  lower  jaw  and  the  glenoid 
fossa,  is  an  oblong,  inter-articular  disk  of  iibro-caililage. 
This  disk  is  thicker  at  the  edges  than  in  the  centre.  It  is 
pliablei  and  m  situated  that  when  the  lower  jaw  is  projected 
Ibrwardj  making  the  lower  teeth  project  beyond  the  upper,  it 
IB  applied  to  the  convex  Burface  of  the  eminentia  articnlaris 
and  presents  a  concave  surface  for  articulation  with  the  con- 
dyle. One  of  the  uses  of  tlii^  cartil^e  is  to  constantly  present 
a  proper  articulating  surface  upon  the  articular  eminence, 
and  tlms  admit  of  the  antero-posterior  sliding  movement  of 
the  lower  jaw.  It  is  also  important  in  the  lateral  niovements 
of  the  jaw,  in  which  one  of  the  condyles  remaios  in  the  gle- 
noid cavity^  and  the  other  is  projected^  so  that  the  bone  nn- 
deigoes  a  slight  rotation. 

Muscles  of  MastkatiOf^. — To  the  lower  jaw  are  attached 
certain  muscles  by  which  it  is  depressed,  and  others  by 
which  it  is  eleYatecj,  projected  forward  and  drawn  backward, 
and  moved  from  side  to  side.  The  tbliowing  are  the  princi- 
pal muscles  concerned  in  the  production  of  these  varied 
movements*  As  we  shall  see  when  we  come  to  study  closely 
the  action  of  these  muscles,  by  far  tlie  most  powerful  and 
important  of  the  movements  of  mastication  are  those  by 
which  the  jaws  are  closed. 
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Muscles  of  Mmticaiion^ 

Mmck$  tehkh  depress  tkt  lower  jaw, 
Mutde,  Attaehmcnit. 

Olpitnc*  ,M&stoid  process  of  the  tempoml  boii« — 

hawet  border  of  tlio  mfurior  maidUu 
aear  tlie  sympbyiis ;  witb  its  ceDtml 
t4^dm  held  to  tfae  side  q{  tli«  bod) 
of  the  hyoid  bone^ 

Mjrb-h>oid  JJodj  of  the  hjoid  bone— Mylohyoid 

ridge  on  the  mternfll  surface  of  the 
ioferior  tnaiiHa. 

-  ,B(xJ J  of  the  hyoid  bone— InfuHor  gm- 

ia]  lubercle  on  the  mEieraarfa4?eof  the 
mferior  maillk  ncaf  the  s^inphyfsli. 

PklyimA  ffljoidej  » . .  .Ck^icle,  acromion^  undCiscm— Anterior 

half  of  the  body  of  the  inferior  mai- 
illn  near  the  inferior  boi^l^ar. 

Mmel^  uhkh  eletaU  the  Uvmr  jaw,  and  vi&re  it  MeraUif  and  ttnter&-po»- 


Tcm|)omr  .Temporal  foasa— Coronoid  pro<?eaft  of 

ttie  inferior  mii:illliu 

lUl«to.  ,  p ,  ,M.dar  process  of  the  superior  nmxilla, 

lower  border  and  internal  surface  of 
the  KVgQmatic  arch— Surface  of  the 
mmm  of  the  inferior  cnaxilta. 

Intertuil  Pterygoid .   Pterygoid  dm^ — Inner  fiid«  of  the  ra- 

mxui  and  Angle  of  the  inferior  ma^la. 

Eil«mal  PtcrjgouL  ,  Pterygoid  fidg#  of  the  sphenoid^  tln^ 


surface  between  it  and  the  pterygoid 
prooest,  extcrtial  pterVjzoid  plat^^  and 
the  tuberosity  of  thi^  palate  and  the 
iuperior  maxillary  bone — Inner  «iir- 
face  of  the  nock  of  the  condyle  of 
the  inferior  mfUEilla  and  tlie  inter* 
0  ni  enlH  r  jfi  bro-earl  ilage. 

Action  of  the  Muscl€s  which  depress  the  Lower  Jaw. — Tlie 
moit  important  of  tlieeie  miisdos  have  for  their  fixed  point  of 
action  the  hyoid  bone,  which,  tinder  these  cireiimstaoce^,  is 
fix^  bj  the  muscles  which  extend  from  it  to  the  upper  part 
of  the  chest.    The  central  tendon  of  the  digastric,  as  it  per- 
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tbratea  the  Btjloliyoid,  is  coanected  with  the  hyoid  bona  bj 
a  loop  of  fibmuB  tissue ;  and  acting  from  this  hone  as  the  fixed 
point,  the  anterior  belly  must  of  necessity  tend  to  depr^ 
the  jaw.  The  attachments  of  the  mylo-hyoid  tmd  the  genio- 
hyoid render  their  action  in  depressing  tlie  jaw  sufficiently 
evidentj  which  is  al^o  the  case  with  the  platysma  myoidea^ 
acting  from  its  attachments  to  the  upper  part  of  the  thorax. 
It  has  been  a  di&pnted  question  whether  the  npper  jaw 
does  or  does  not  participate  in  the  act  of  opening  the  month. 
That  depression  of  the  lower  jaw  is  the  main  action  in  ordi- 
nary mastication  is  sufficiently  evident;  but  it  is  possible, 
by  fixing  the  lower  jaw,  to  perform  tlie  acts  of  mastication 
— ^laboriously  and  imperfectly  it  is  true — by  movements 
of  the  upper  jaw.  In  ordinary  mastication ,  the  upper  jaw 
undei^oes  a  eliglit  movement  of  elevation  in  opening  the 
mouth ;  and  this  becomes  somewhat  exaggerated  when  the 
mouth  is  opened  to  the  fullest  possible  extent.  Without 
citing  the  various  authorities  for  and  against  this  opinion,  it 
will  be  sufficient,  perbapSj  to  mention  the  following  simple 
oxperitnent,  suggested  to  Monro  by  Pringle ;  "  If/'  says  he^ 
"you  place  the  blade  of  a  knife  or  the  finger  nail  in  a  situa- 
tion wliich  corresponds  precisely  with  the  point  of  contact  of 
the  teethj  when  the  mouth  is  closed,  the  knife  being  held  in 
a  fixed  position  during  the  time  when  the  mouth  is  opened^ 
it  can  be  observed  in  a  mirror  that  the  upper  teeth  are  sensi- 
bly elevated  every  time  the  month  is  opened." ' 

Many  speculationE  have  been  put  forward  by  those  who 
adopt  this  view,  as  to  the  precise  muscular  action  involved 
in  this  movement,  whieh  is  necessarily  a  movement  of  the 
entire  head.  It  is  possible  that  the  posterior  belly  of  the 
digastric  may  have  such  an  action,  to  a  slight  extent.  The 
movement  of  the  head,  however,  does  not  ordinarily  require 
any  powerful  muscular  action,  and  is  probably  the  result  of 
the  contraction  of  muscles  too  deeply  situated  to  be  ex- 
plored experimentally.  It  is  evidently  not  due,  as  a  rule,  to 
*  Cit«d  bj  "BhiARDf  C&vrt  da  Fhijti&logie^  P&ns^         tom«  t,  p.  6 17. 
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the  contraction  of  those  of  the  posterior  muscles  of  the  neck, 
which  have  for  their  chief  fiinction  the  elevation  of  the  head. 

Action  of  the  Muscles  which  elevate  the  Lower  Jaw^  and 
move  it  laterally  and  antero-posteriorly,  —  The  temporal, 
masseter,  and  internal  pterygoid  muscles  are  chiefly  con- 
cerned in  the  simple  act  of  closing  the  jaws.  As  this  is  al- 
most the  only  movement  of  mastication  in  many  of  the  car- 
nivora,  in  this  class  of  animals  these  muscles  are  most  largely 
developed.  Their  anatomy  alone  gives  a  sufficiently  cleai 
idea  of  their  mode  of  action ;  and  their  immense  power,  even 
in  the  hnman  subject,  is  explained  by  the  number  of  their 
fibres,  by  the  attachments  of  many  of  these  fibres  to  the 
strong  aponeuroses  by  which  they  are  covered,  and  the  fact 
that  the  distance  from  their  origin  to  their  insertion  is  very 
short. 

The  attachments  of  the  internal  and  external  pterygoids 
are  such  that  by  their  alternate  action,  on  either  side,  the 
jaw  may  be  moved  laterally,  as  their  points  of  origin  are 
situated  in  front  and  within  the  temporo-maxillary  articu- 
lation. As  was  first  shown  by  Ferrein,*  the  articulation  of 
the  lower  jaw  is  of  such  a  nature  that,  in  its  lateral  move- 
ments, the  condyles  themselves  cannot  be  sufficiently  dis- 
placed from  side  to  side,  but  with  the  condyle  on  one  side 
fixed  or  moved  slightly  backward,  the  other  may  be  brought 
forward  against  the  articular  eminence,  producing  a  move- 
ment of  rotation.  The  pterygoid  muscles  are  largely  de- 
veloped in  the  herbivora,  in  which  the  lateral  movements  of 
mastication  are  so  important. 

The  above  explanation  of  the  lateral  movements  of  the 
jaw  presupposes  the  possibility  of  movements  in  an  antero- 
posterior direction.  Movements  in  a  forward  direction,  so  as 
to  make  the  lower  teeth  project  beyond  the  upper,  are 
eflfected  by  the  pterygoids,  the  oblique  fibres  of  the  masseter, 

*  Fkrrkin,  Memoire  ntr  let  mouvemenia  de  la  Mdchoire  inferiture. — Memoirea 
de  VAcad,  de»  Seience$^  Paris,  1744,  p.  434. 
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witJi  the  aTiterior  fibres  af  the  temporal*  By  the  combined 
action  of  the  posterior  fibres  of  the  temporali  the  digaatrie^ 
mvlo*hyoid,  and  genio-hyoidj  the  jaw  is  brought  back  to  its 
pogitioQ.  By  the  mnie  action  it  iixay  abo  be  drawn  back 
slightly  from  its  normal  position  while  at  rest, 

Aetwn  of  tAe  Tmifoe^  Lipa^  and  CheehB^  in,  Magticaium, 
— Experiments  on  living  animak  and  phenomena  observed  in 
cases  of  legions  of  the  nervous  system  in  the  hiiman  sul>]ect 
have  fully  demongtrated  tlie  importance  of  the  tongue  and 
ebeelcB  in  maBtication.  The  following  obeervations  of  Pa- 
mzzu  ou  the  effects  of  section  of  both  bypi^glos^al  nerves  in 
dogB  show  the  importance  of  the  tongne,  both  in  macrticatiotj 
and  degbitition :  After  the  eection  of  the  hypoglossal  tlie 
movements  of  the  tongue  cease  immeJiatelyy  but  the  gen- 
eral sensibility  of  tliat  organ  and  the  tai^te  not  leaa 
marked.  Indeed^  if  milk,  or  bread  moistened  in  the 
liquid,  wei^  presented  to  the  dog,  he  made  ineS'cctual  efforts 
to  lap  and  to  maeticatej  moving  the  head  and  the  lower  jaw; 
the  toDgnej  when  di&placed,  remaining  in  the  same  jKi&StJoii^ 
and  even  when  a  bolns  of  meat  or  bread  was  put  on  its  an- 
terior enrface,  it  foimd  for  a  long  time  after  in  the  same 
place^  which  proves  that  section  of  the  hypoglossals  destroys 
not  only  the  movements  neces^iy  to  mastication,  but  ak 
those  of  deglutition/'  *  We  have  lately  hud  occasion  tiy  ver- 
ily moi^t  of  the^  ob§ei^vations  by  Panixza  iu  a  dog  in  which 
both  sublingual  nerves  were  divided.  The  experiment^  how- 
eve  r,  wai  made  chiefly  with  reference  to  the  action  of  the 
tongue  in  deglutition* 

Section  of  the  facial  nerrea  is  now  a  common  physiolo- 
gical e}C[>erimeut;  and  operations  of  this  kind,  with  of 
facial  palsy  which  are  not  uuconunun  in  the  humau  subject^ 
ebow  tliat  when  the  cheek  is  paralyzed  the  food  accumulates 
between  it  and  tlie  teeth,  producing  great  incouvenietiee. 

'  P42ri£;e4^  Jfifuv^tm  S^mkerthei  Expirtmentatm  »ur  ta  iTerff. — JMt* 
mU     PtiriM^  ISU^  p.  419. 
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Ii.  animals,  like  the  herbivora,  that  use  the  lips  and  tongue 
extensively  in  the  prehension  of  food,  division  of  the  facial 
and  hypoglossal  nerves  interferes  materially  with  this  func- 
tion. 

The  tongue  is  a  muscular  organ  which,  by  virtue  of  the 
complex  arrangement  of  its  fibres,  is  capable  of  a  great  va- 
riety of  important  movements.    Eeference  has  already 
been  made  to  the  importance  of  these  movements  in  suc- 
tion.   By  the  action  of  what  are  called  the  extrinsic  mus- 
cles of  the  tongue,  the  organ  is  moved  in  various  directions, 
while  the  intrinsic  muscles  are  capable  at  the  same  time 
of  producing  many  changes  in  its  form.    For  example,  by 
the  action  of  those  fibres  of  the  genio-hyo-glossal  muscles 
which  are  attached  to  the  chin  and  the  posterior  part  of  the 
tongue,  the  whole  organ  is  carried  forward  and  may  be  pro- 
truded to  a  considerable  extent.   At  the  same  time  the 
whole  length  of  the  muscles  may  act  upon  the  middle  line  of 
the  tongue,  to  which  they  are  attached,  and  depress  the  cen- 
tre so  as  to  render  it  concave  from  side  to  side ;  or  the  trans- 
verse fibres  of  the  tongue  may  act  so  as  to  make  it  longer 
and  narrower.    The  tongue  is  drawn  into  the  mouth  by  the 
action  of  the  anterior  fibres  of  the  genio-hyo-glossus  on  either 
ride,  and  may  be  still  ftirther  shortened  by  the  contraction 
of  the  stylo-glossus,  and  the  interior  fibres  of  the  hyo-glossus 
— ^its  intrinsic  and  superior  longitudinal  fibres.   The  general 
action  of  the   hyo-glossus,  on  either  side,  is  to  draw  down 
the  sides  of  the  tongue  and  make  it  convex  from  side  to  side. 
The  stylo-glossus  and  the  palato-glossus  draw  the  back  of 
the  tongue  upward  and  backward  toward  the  pharynx,  and 
are  thus  useful  in  the  first  processes  of  deglutition.    By  the 
combined  and  varied  actions  of  these  and  other  muscles,  the 
tongue  is  made  to  perform  the  numerous  movements  which 
take  place  in  connection  with  phonation,  suction,  mastica- 
tion, deglutition,  etc. 

The  varied  and  complicated  movements  of  the  tongue 
during  mastication  are  not  easily  described.    After  solid 
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Food  h  taken  into  the  motith,  the  tongue  prevents  its 
from  between  the  teeth ;  and,  by  ite  eongtant  iiiovi^iueaUi 
rolls  tlie  alimentary  bolus  over  and  over,  and  paa:^  it  at 
times  from  one  eide  to  the  atLer,  bo  tbat  it  may  undergo 
thorougli  trituration.  Aside  from  functions  of  the  tongue  a& 
an  organ  of  tatste,  it&  surface  endowed  with  pi^culiar  eensi- 
bility  as  regards  tlie  eonsititence,  size,  and  Ibnn  of  different 
articles;*  and  tliis  property  is  undoubtedly  important  in  de- 
termining wben  niaetieation  is  completed ;  altiiough  the 
thoronghoe^  with  wliieli  mastication  is  accomplished  u  very 
mucli  hiJiuenced  by  habit- 
Tonic  ei>ntraetion  of  the  orbiculai'is  oris  is  neoessary  to 
keep  the  fliuds  in  tlie  month  during  repo^ ;  and  this  mu^le 
ia  sometimes  brought  into  action  when  the  moiitli  is  very 
ftillj  to  assist  in  keeping  the  food  between  the  teeth.  This 
latter  function,  however^  is  mainly  performed  by  the  buc^ 
cinator ;  the  action  of  which  is  to  press  the  food  between  the 
teeth  and  keep  it  in  plac^e  during  mastication ;  aggigting,  from 
time  to  time,  in  turning  the  alimentary  bolus  so  as  to  subject 
new  portions  to  trituration. 

The  proce*^  of  mastication  is  i"egulated  to  a  very  grei^ 
extent  by  the  exquisite  sensibility  of  tlie  teeth  to  the  impres- 
sions of  haixl  and  soft  substances.  It  ia  only  necessary  to  call 
attention  to  the  ease  and  certainty  with  which  we  recrogiiiie  th© 
presence  and  the  consistence,  even  of  the  smallest  substance 
between  the  teeth,  in  order  t*:*  appix*ciate  the  advantagi^  of 
this  tactile  sense  in  mastication,  it  is  in  this  way,  mainly^ 
til  at  we  are  notified  when  the  process  of  niastication  is  com* 
pleted;  and  it  is  this  sense  which  admonishes  u;*  instantly  of 
the  presence  of  bodies  t<jo  hard  for  mastication,  whieh^  if  til- 
lowed  to  remain  in  the  mouth,  might  seriously  injure  tlie 
teeth.  Attjcntion  was  called  to  these  interesting  facts  by  tlie 
late  Dr.  GraveSj  of  Dublin,  w^ho  says :    In  truth,  the  teeth 

'  Erewj  one  i&  aware  bow  r^dllj  a  hjur,  or  mj  minute  sabgtimoe,  wUcii 
would  hardly  be  r*;lt  eveu  hj  the  eudft  of  the  fiu^ns,  is  detected  In  the  mduth; 
i)i>d  how  amjoyiii^  the  eeusatloD  h  uuttl  tbe  offiradlog  flub»4latic(!  h  mmovvd. 
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may,  in  this  point  of  view,  be  considered  as  a  sort  of  fingei^s 
fixed  within  the  mouth,  destined  to  feel,  examine,  and  adjust 
the  morsel  preparatory  to  placing  it  in  the  position  most  fa- 
vorable to  its  mastication."  *  He  farther  states  that  though 
this  subject  has  engaged  his  attention  for  several  years,  he 
has  observed  no  cases  of  paralysis  in  which  this  peculiar  sen- 
sibility was  affected. 

In  persons  who  use  false  teeth,  the  pressure  on  the  gums 
in  mastication  takes  the  place  imperfectly  of  the  tactile  sen- 
sibility of  the  natural  teeth.  The  sensibility  of  the  latter  is 
dependent,  undoubtedly,  on  the  nerves  distributed  to  the 
dental  pulp. 

Summary  of  the  Process  of  Mastication. — The  various  * 
muscles  attached  to  the  lower  jaw  are  competent  to  bring 
the  teeth  together,  and  to  produce  a  lateral  movement  and  a 
movement  backward  and  forward.  Some  articles  of  food  ai  e 
torn  asunder  by  movements  of  the  head  and  the  upper  ex- 
tremities, as  in  the  camivora,  or  divided  by  the  incisors,  as 
in  the  herbivora.  After  the  food  is  taken  into  the  mouth,  it 
is  kept  between  the  molars  and  subjected  to  their  triturating 
action,  which  is  effected  by  movements  of  opening  and  clos- 
ing the  jaws,  conjoined  with  marked  lateral  movements. 
The  position  of  the  mus(*]es  and  the  peculiar  construction  of 
the  temporo-maxiUary  articulation  are  sucli  as  to  enable  the 
condyles  of  the  inferior  maxilla,  on  either  side,  to  alternately 
slide  forward,  producing  rotation  and  deviation  of  the  bone 
to  the  opposite  side.  In  this  movement,  the  condyle,  cov- 
ered by  the  pliable  inter-articular  fibro-cartilaginous  disk,  and 
thus  presenting  a  concave  articulating  surface,  is  brought  in 
contact  with  the  articulating  eminence  in  front  of  the  gle- 
noid cavity  of  the  temporal  bone. 

Mastication  should  be  continued  until  the  alimentary  bolus 
has  become  thoroughly  triturated.  The  food,  at  the  same  time, 

»  GiUTxe,  On  a  Peculiar  Affection  of  the  Xerves  of  the  Teeth.^Dublin  Jour- 
nal of  Medical  Science,  1836,  vol.  ix.,  p.  3. 
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baoomus  incorporated  witli  tlie  fluids  of  the  iiioutli,  partieii''" 
liirly  that  poored  out  bj  the  parotid  glands,  and  entan^es  a 
considerable  quantitj  of  ain  Thia  preparatioo  is  importaiit 
iu  iusuring  the  prompt  and  efficient  action  of  the  gaistric  jiiicfs. 
It  is  less  essential  in  the  digestion  of  animal  than  of  vegeta- 
ble tbod,  but  Btill  increases  the  facility  uf  digestion  of  lK>tli, 
Maiij  of  the  vegetable  grains  which  are  covered  with  a  hard 
epidermic,  when  they  escape  the  action  of  the  teeth,  are  apt 
to  pass  through  the  alimentary  canal  unchanged,  and  may  be 
recognized  entire  in  the  fasces.  This  fact  with  regard  to  the 
digestion  of  vegetable  grain b  was  proven,  early  in  the  history 
of  the  physiology  of  digestion j  by  the  experiments  of  Spal- 
lanzani,  who  forced  fowls  and  ro*5k^  to  swallow  small,  per- 
forated metallic  tubes  filled  with  beans  and  grains  of  wheat, 
Wljen  the  grains  were  enclc^sed  in  the^  tub^  entire,  he 
found  them  but  slightly  swollen  and  sottene^l  afker  a  number 
of  hours^  sojourn  in  the  stomach ;  but  when  the  grains  wer^ 
introduced  slightly  broken,  they  were  found,  in  one  experi- 
mentj  to  lose  one-fourth  ot*  their  weight  in  eight  hotin^  and 
were  at  last  entirely  dissolved/  Tliis  fact  was  further  oon- 
firmed  by  experiments*  on  sheep ^  in  which  a  number  of  tubes, 
some  fiJled  with  hei'bs  entire,  and  otliers  with  herbs  which 
had  been  triturated,  were  introduced  into  the  idim eotury  canaL 
At  the  end  of  thirty-three  hours,  five  tubes  were  discharged 
by  the  anus^  In  two  of  thesCj  in  which  the  food  had  been 
introduced  entire,  the  contents  were  appai*ently  unchanged, 
but  in  the  others,  in  which  the  food  had  been  triturated^ 
nothing  remained  but  a  small  amount  of  indigestible  matter,' 

*  SFJLtLANXABl,  QpKiffat  de  Ffi^*§iqm,  A  mmalf  H  Yk^iatt^  Pane,  1  'i%'7t  NHUt 

*  Ibid.,  p.  Ofti. 
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INSALR'ATION. 

General  considerations — Parotid  saliya — Relations  of  the  parotid  secretion  to 
mastication — Submaxillary  saliya — Relations  of  the  submaxillary  secretion 
to  mastication  and  gustation — Sublingual  saliva — Fluids  from  the  smaller 
glands  of  the  mouth,  tongue,  and  fauces — Mixed  saliva — Quantity  of  saliva — 
General  properties  and  composition  of  the  saliva — Functions  of  the  saliva — Ac- 
tion of  the  saliva  on  starch — Mechanical  functions  of  the  saliva. 

One  of  the  moist  important  of  the  digestive  processes 
which  take  place  in  the  mouth  is  the  incorporation  of  the 
8aliva  with  the  food,  or  insalivation.  Kot  only  has  this  fluid 
a  mechanical  function,  assisting  to  reduce  the  food  to  the 
proper  form  and  consistence  to  be  easily  swallowed,  but  it 
seems  to  be  necessary  to  the  proper  performance  of  the  sub- 
sequent processes  of  digestion,  and  is  concerned  to  a  consid- 
erable extent  in  the  transformation  of  starch  into  sugar.  That 
the  saliva  is  necessary  to  digestion  is  proven  by  the  grave 
eifects  upon  the  general  function  of  nutrition  which  follow 
its  loss  in  any  considerable  quantity.  This  occasionally  oc- 
curs from  the  habit  of  excessive  spitting,  or  as  the  result  of 
salivary  fistula.  It  becomes  important,  therefore,  to  study 
the  physical  and  chemical  properties  of  the  saliva,  the  sources 
from  which  it  is  derived,  and  its  mechanical  and  chemical 
functions  in  digestion. 

Saliva. 

The  fluid  which  is  mixed  with  the  food  in  mastication, 
which  moistens  the  mucous  membrane  of  the  mouth,  and 
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whicli  may  t>e  collected  at  any  time  in  email  i|iiantitj  by  tlie 
simple  act  of  sputation^  is  composed  of  tlie  feeeretiom  of  a 
considerable  number  atid  variety  of  glands.  The  most  iiiv 
portant  of  tbet^e  are  the  parotid,  eubmaxillary,  and  sublin- 
gual, wbicli  are  iidually  called  the  saliraty  glandi^  and,  in 
addition,  the  labial  and  buccal  glands,  the  Iblliciilar  glands  of 
the  tongue  and  general  mucons  surfaeey  and  certain  glandular 
etTuctnres  in  the  iimcoua  membrane  of  the  pharynx.  The 
liquid  which  becomes  more  or  leas  incorporated  with  the  tbod 
before  it  dc^ceiads  to  the  stomach,  and  which  must  be  con- 
feidered  ag  the  digestive  fluid  of  the  mouthy  k  known  as  the 
mixed  saliva;  bat  the  study  of  the  composition  and  prc^per- 
ties  of  this  fluid  as  a  whole  should  be  prefaced  by  a  consid- 
eration of  the  different  fluids  of  which  it  i^  composed. 

The  fesIiTary  glands  belong  to  the  variety  of  glands  called 
racemose.  They  elosch^  reBemble  tlxe  otlier  glands  belonging 
to  this  class,  and  their  structm'e  will  be  con&idered  more  par- 
ticularly under  the  head  of  secretion. 

Parotid  Saliva, — The  parotid  is  the  larg^t  of  the  tbree 
salivary  glands.  It  is  situated  below  and  in  front  of  the  ear, 
and  opens,  by  the  duct  of  StenOj  into  the  month  at  about  the 
middle  of  the  cheek.  The  papilla  which  marks  the  oriMee 
of  the  duct  is  situjited  opposite  the  second  laige  molar  tCHjth 
of  the  upper  jaw.  Bernard,  to  wlioni  belongs  the  credit  of 
having  established  the  general  physiological  distinctions  be- 
tween the  diflerent  fluids  which  enter  into  the  composition 
of  tlie  mixed  saliva,  cites  Uapel  de  la  Cheiiaie  as  the  fir^t  to 
obtain  the  pure  parotid  saliva  from  the  horse,  by  section  of 
tlie  duct  of  8teno,  in  1780 J  Tiedemann  and  Grmelin,  in  their 
work  on  digestion,  recognized  the  distinction  between  the 
^liva  fomid  in  tlie  mouth,  and  the  secretion  of  the  parotid, 

origtual  memoir  hy  Hwpel  de  la  Cbimaie  ( O^nmiiom  ft  Stptritvffm  ^nr  tAna^j/^ 
la  Salirt  du  Chei'al)^  \s  pulilUbed  in  the  Mhnoirei  dSr  im  S&<i^  M(tyak  4e  Jf# 
dtfifu,  Panf,  1131  and  1781,  p.  825. 
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taken  from  the  duct  of  Steno/  Numerous  opportunities  have 
presented  themselves,  in  cases  of  salivary  fistula,  for  the  study 
of  the  properties  of  the  pure  parotid  saliva  in  the  hmnan 
subject ;  and  the  situation  of  the  duct  of  Steno,  in  the  her- 
bivora  especially,  is  such  that  this  fluid  can  easily  be  obtained 
by  operations  on  the  inferior  animals.  Prof.  Dalton  has 
obtained  the  pure  parotid  saliva  from  the  human  subject  by 
simply  introducing  a  silver  tube,  of  from  j\  to  i^^c^ 
in  diameter,  into  the  duct  by  its  opening  into  the  mouth.*  In 
this  way  the  fluid  may  be  obtained  with  great  facility  and  in 
absolute  purity ;  and  by  this  means,  Prof.  Dalton  has  devel- 
oped many  interesting  facts  connected  with  its  function,  be- 
side confirming  some  of  the  important  observations  of  Ber- 
nard, Colin,  and  others.  On  the  inferior  animals.  The  quan- 
tity thus  obtained  was  considerable.  In  one  observation, 
four  hundred  and  eighty  grains  flowed  from  a  tube  intro- 
duced into  the  duct  of  Steno  in  the  course  of  twenty  min- 
utes ;  and  in  seven  successive  observations,  made  on  difierent 
days,  comprising  in  all  three  hours  and  nine  minutes,  a  little 
over  three  thousand  grains  were  collected.* 

'  TiKDKMANN  ET  GiiELiN,  Recherchts  Exphrimentales  Phynologiques  et  Chi- 
miqutt  9ur  la  Digettion^  traduit  par  Joubdan,  Paris,  1827,  tome     p.  4  e<  aeq, 

*  Dalton,  A  TreaUte  on  Human  Phynology^  third  edition,  Philadelphia, 
1864,  p.  126  H  teq. 

•  The  saliva  thus  obtained  was  analyzed  under  the  direction  of  Prof.  Dalton 
by  Mr.  Maurice  Perkins,  Assistant  to  the  I^fessor  of  Chemistry  in  the  College 
of  Physicians  and  Surgeons,  New  York  {pp.  c%l,y  p.  126).  A  point  to  be  re- 
marked in  this  analysis  is  the  large  proportion  of  organic  matter,  which  is  sev- 
eral  times  greater  than  that  given  by  others  for  the  parotid,  or  even  for  the  mixed 


eafira: 

CompMition  of  Human  Parotid  Saliva, 

Water   983-308 

Organic  matter  precipitable  by  alcohol   7-862 

Substances  destructible  by  heat,  but  not  precipitated  by  alcohol  or  acids  4-810 

Snlpho-cyanide  of  sodium   0-330 

Phosphate  of  lime   0*240 

Chloride  of  potassium   0*900 

Chloride  of  sodium  and  carbonate  of  soda.   8*060 


1,000*000 
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The  following  taeti  witli  rogard  to  tlie  projmties  of  tlie 
parotid  saliva  observed  by  Dalton  are  given  in  hm  own 
wurdft,  m  a  coinniunicHtioii  kindly  made  in  answer  to  certain 
inqniries: 

"On  tlie  28 til  of  Jnlj,  I  obtained,  from  a  strongs 
heaUliy  luanj  about  two  drachms  of  the  mixed  saliva  of  the 
monthj  by  causing  hiui  to  hold  in  his  month  for  a  short  time 
a  clear  ghiss  stopper,  and  euUecting  the  secretion  as  it 
discharged. 

*•  One  hour  afterward  1  obtaiJied,  from  the  same  man,  f< 
drachms  of  pure  parotid  saliva,  by  introducing  a  long  silver 
eanula  into  the  natural  orifice  of  Steno's  duct,  on  the  left 
side,  and  collecting  the  saliva  as  it  flowed  from  the  outer  ex^ 
ti'ettiity  of  the  canida- 

The  two  kinds  of  saliva  compared  as  follawi 
Both  were  distinctly  alkaline  in  reaction ;  the  parol 
saliva  rather  the  more  so> 

"  The  parotid  saliva  was  rather  clear  and  watery  in  ap- 
pearance; the  saliva  of  tlie  mouth  was  quite  opaline,  with 
admixture  of  buccal  epitheliumj  but  became  clear  on 
tion. 

The  parotid  saliva  wa^  rendered  turbid  by  the  action 
heat,  and  by  the  addition  of  nitric  acid,  as  well  as  sulphate 
of  soda  in  excess ;  but  not  by  sulphate  of  magnesia,  uor  by 
ferro-cyanide  of  potassium  with  acetic  acid* 

The  saliva  of  the  month,  filtered  clear,  became  tm*bid  by 
beat  and  by  nitric  acid ;  but  showed  no  precipitate  by  either 
eu_phate  of  soda  or  sulphate  of  magnesia  in  excess.  There 
was  also  a  slight  precipitate  on  the  addition  of  pure 
acid,  which  did  not  take  place  in  the  pari:>tid  saliva* 

The  parotid  saliva  showed  no  traces  of  sulpho-cyan 
on  the  addition  of  the  perchloride  of  iron;  but  they 
distinctly  marked  in  the  buccal  saliva. 

'*  On  nuxing  the  two  kinds  of  saliva  with  boUed  s 
and  keeping  the  mixture  at  tlie  temperature  of  100°  F 
Rigar  was  present  in  both  specimens  at  the  end  of  five  min* 
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ttfeei^   Tliere  wm  no  marked  dilference  between  tliem  in  tlii^^ 

"  While  making  some  similar  experiments  to  tlie  above 
on  a  previoim  patient^  in  April,  1863,  I  found  that  with  the 
canula  introJiiced  into  Steno's  duct,  not  only  was  the  dis- 
ehai^  of  parotid  Baliva  increased  by  the  mastication  of  foodj 
but  that  it  ran  from  the  eaiiula  very  mneh  faster  than  in  a 
state  uf  rest,  whenever  the  patient  Bmiled,  spoke,  or  moved 
his  lip®  or  cheeks  in  any  way." 

Tlje  organic  matter  of  the  parotid  sahva  is  coagulahle  hy 
beat  (212**  Fahr.),  alcohol,  and  the  strong  Tuineral  acids, 
Dalton  fbmid,  in  the  hmnaii  saliva,  that  it  was  also  coagulated 
by  an  excest*  of  sulphate  of  soda ;  but  Bernard  states  that  in 
the  parotic!  stUiva  uf  the  hoi-se,  the  organic  matter  will  pass 
through  a  mixture  of  sulphate  of  soda,  but  is  coagidated  by 
sulphate  of  magne^^iaJ  Almost  all  physiologists  agree  that 
this  organic  matter  is  not  identical  in  its  properties  with 
albumen,  nor  with  the  peculiar  principle  described  by 
Mialhe  in  the  mired  saliva,  under  the  name  of  animal  dias- 
tase,* 

A  compound  of  sulpho-cyanogen  is  now  generally  ac- 
knowledged to  be  a  constant  constituent  of  the  parotid  salivap 
This  cannot  be  recognized  by  t}ie  ordinary  tests  in  the  fresh 
saliva  taken  from  the  duct  of  Steno,  hut  in  the  clear  filtered 
tiuid  which  passes  after  the  precipitation  of  the  organic  mat- 
ter^ there  is  always  a  distinct  red  color  on  the  addition  of 
the  pemiiphate  of  iron.  As  this  reaction  is  more  niai^ked  in 
tlie  mixed  saliva,  tlie  methods  by  which  the  presence  of  a 
fiiilpho-cyanide  is  to  be  demonstrated  wiU  be  considered  in 
connection  with  tliat  fluid. 

Ill  the  human  subject,  the  parotid  eecretion  is  more  ahun- 
ddnt  than  that  of  any  other  of  the  salivary  glands,  Tlie  en- 
tire quantity  in  the  twenty-four  hoim  has  not  been  directly ' 


100 


estimated ;  but  Prof,  Dalton  found  tiiat  duritig  masticatioEi, 
the  quantity  secreted  in  twenty  minutes  on  one  side 
127'5  grains,  and  on  the  other  aidej  374'-t  graina. 

A  curious  fact  with  regard  to  the  influence  of  tnai^tiear 
tion  upon  the  flow  from  the  parotids  was  ob&erved  by  Colia 
in  the  horse,  asa,  and  ox.  He  found  that  when  mastication 
was  performed  on  one  side  of  the  mouth,  the  flow  from  the 
gland  on  that  sitle  was  greatly  increased j  exceeding  by  sev- 
eral times  tlie  quantity  produced  on  the  opposite  side.*  Thii 
fact  was  confirmed  by  Dalton,  as  already  indicated,  in  the 
human  suljject/ 

The  flow  ,of  saliva  fix>m  the  parotid  takes  place  with 
greatly  increased  activity  during  the  process  of  mristication. 
The  orifice  of  the  parotid  duct  is  so  situated  that  the  fluid 
is  poured  directly  upon  the  toasa  of  food  as  it  h  nndeigoing 
trituration  by  the  teeth ;  aud  as  the  secretion  is  mi>re  abun- 
dant on  the  side  on  whicli  mastication  is  going  on,  and  aa-- 
the  consigtence  of  the  fluid  is  such  as  to  enable  it  to  mix^ 
readily  with  the  foodj  the  function  of  this  gland  is  supposed^ 
to  be  particularly  connected  with  mastication*    This  is  un — 
doubtedly  the  fact ;  though  ita  flow  is  not  absolutely  confined 
to  the  period  of  mastication,  but  continueSj  in  small  qnantity, 
in  the  intervale.    Its  quantity  h  regulated  somewhat  by  the 
character  of  the  food,  being  much  greater  when  the  ^tcle? 
taken  into  the  month  are  dry  than  when  they  contain  constti- 
erable  moiBture,    Colin  has  sho^Ti  in  some  of  the  herbivora 
a  remarkable  insen Ability  of  the  parotids  to  tlie  stimulus  of 
sapid  antl  aromatic  substances  appHed  to  tlie  mucons  mem- 
brane of  the  cheeks.    In  the  ruminantSj  in  wliich  tliere  k  a 
constant  flow  from  these  glands,  the  quantity  cannot  he  in- 
creaiMBd  by  the  action  of  salts,  feeble  acids,  or  aromatic  wah- 
itancc^,*   The  experiments  of  Bernard  on  dogs  show  a  oer- 

^  Cf)].m,  Thriii  de  Pht^ologk  Cttmpark  dm  Aubnam.  Domr^^pm^  Pidj, 
l&5i,  tome  L,  m%. 
■  tj&t  fit 


mSALfVATIuX, 


161 


tmn  increase  in  the  flow  of  Baliva  from  a  tube  introduced 
into  the  duct  of  Steno,  on  the  applic^ition  of  Thiegar  to  the 
iimcons  membrane  of  tlie  mouth;  but  thh  was  flight  as  com- 
pared with  the  increase  In  the  flow  of  tlie  submaxillary  secsre- 
tion.'  There  is^  in  fact,  a  great  diflFerence  hi  different  aniniak 
m  Ttg^tik  the  excitability  of  the  salivary  glands  by  aubatancea 
introduced  into  tlie  mouth.  In  the  human  subjectj  the  extn- 
tation  produced  by  sapid  substances  will  sometimes  induce  a 
great  increa.^  in  the  flow  of  the  parotid  Baliva.  Mit^cherlicli 
and  Ebei^le'  ob&er^^ed  tins  in  persons  suffering  irom  salivary 
fistula,  and  notetl,  farthermorej  that  the  mere  eight  or  odor 
of  food  produced  the  same  effeot.  Magendie  mentions  a  case 
in  which  the  sight  of  food  produced  Buch  an  effect  that  the 
gjdiira  was  discharged  from  the  duct  to  the  diJ^tanee  of  several 
feet/ 

The  supjiositionj  which  lias  been  entertained  by  some 
authors,  tliat  tlie  flow  from  the  parotid  is  dependent  upon 
the  mechanical  pressure  of  the  nmaeles  or  of  the  condyle  of 
tt€  lower  jaw  during  ma&tic^ition  baa  no  foundation  in  fact* 
It  ia  now  well  established  that  one  of  the  indispensable  con- 
ditions in  the  production  of  a  secretion  is  a  great  increase 
in  the  qnantity  x^t  blood  circulating  in  the  gland,  and  that 
the  vascular  snpply  is  regulated  through  the  nervous  system. 
It  is  not  rational  to  suppose  that  the  parotid  is  an  exception 
to  this  role  ■  and  Bernard  has  &hown  that  galvanization  of  the 
gmall  riKJt  of  the  fiilh  pair  of  nerves  and  of  the  facial  immedi- 
ately produces  an  intense  parotid  seci-etion/  The  fact  that 
an  alternation  in  the  parotid  secretion  accompanies  an  alter- 
nation in  the  act  of  mastication  is  also  an  argument  against 
^16  mei'hanieal  theory;  for  it  is  not  to  be  supposed  that 

10&9,  tome  ii.,     2:^0  ef  jtetp 

und  CAtmk,  18S'i  Ed.  xsvii.,  318. 

•  MAOF?rr*iK,  Pi'mt  EUtn^itmre  (k  Fh^ido^^  ParU^  18H(J,  tome  ii*^  5fl» 

*  Berxarp,  Lrfon9  ffr  I*htfJihtoffi€  ^ptritnetttnUf  Paris,  I85fi|  p.  65*. 
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duriag  maatieation  tkere  eskU  a  difference  in  the  pressure 
of  tlie  niuscles  or  of  the  condyles  on  the  two  sidea,  corre- 
sponding  with  tlie  diflferencea  which  have  been  note^l  in  the 
secretion  ftmn  the  glands  on  either  &ide.  In  the  hors&e  and 
in  the  dog,  it  has  been  observed  that  the  secretion  of  the  paro- 
tids is  completely  arrested  during  the  deglutition  of  liquids^, 
while  the  flow  from  the  other  salivary  glands  is  not  affected,* 

To  sum  up  the  functions  of  the  parotid  saUva,— aaide 
from  any  chemical  action  which  it  may  have  upon  tlie  food, 
which  will  be  i'ully  considered  in  connection  with  the  mixed 
saliva, — it  e\idently  has  an  important  niechanieal  oflSce,  It 
is  discharged  in  large  qiiaTitity  during  the  entire  procijss  of 
mastication,  and  is  poured  into  the  mouth  in  such  a  manner 
as  to  become  of  necessity  thorouglil  j  incorporated  with  the 
food.  Its  fiinetion  ia  chiefly^  though  not  exclusively^  connect- 
ed with  mastication^  and  indirectly  with  deglutition ;  for  it 
is  only  by  becoming  incorporated  with  this  saliva,  that  the 
deglutition  of  dry  pulverulent  substances  is  rendered  possible. 
Facts  in  comparative  physiology,  showing  a  great  development 
of  tiie  parotids  in  auimaLs  that  masticate  very  thoroughly, 
particularly  the  runiinantSj  a  slight  devclopmeut  in  those 
that  masticate  but  shghtlyj  and  the  absence  of  these  glands  in 
animals  that  do  not  masticate  at  allj'  are  additional  argmnenta 
in  favor  of  these  views. 

SuhmaxiUary  8alha.—ln  the  human  snbjectjthe  snb- 
maxilltiry  is  the  second  of  the  saUvary  glands  in  point  of  size^ 
Its  minute  structure  is  the  same  as  that  of  the  parotid.  As 
its  name  implies^  it  is  situated  below  the  inferior  maxUlary 
bone,  and  h  found  in  the  anterior  part  of  what  ia  known  as 
the  sul>maxillary  triangle  of  tlie  neck.  Its  excretory  duct^ 
called  sometimes  the  duet  of  Wharton^  is  about  two  inched 

'  Bciutinn,  op.  eir.,  p.  52. 
IBfiO,  tonie  tI,  p.  239* 
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in  length,  and  passes  from  the  gland,  beneath  the  tongue,  to 
open  by  a  small  papilla  by  the  side  of  the  frenum.  This 
gland  is  relatively  very  small  in  the  herbivora,  but  is  largely 
developed  in  the  eamivora ;  in  the  latter  being  larger  than 
the  parotid. 

The  pure  submaxillary  saliva  presents  many  important 
points  of  difference  from  the  secretion  of  the  parotid.  It 
was  first  studied  as  a  distinct  fluid  by  Bernard.  It  may  be 
obtained  by  exposing  the  dnct  and  introducing  a  fine  silver 
tube,  when  on  the  introduction  of  any  sapid  substance  into 
the  mouth,  the  secretion  will  fiow  in  large  pearly  drops.  Ber- 
nard found  this  variety  of  saliva  much  more  viscid  than  the 
secretion  from  the  parotid.  It  is  perfectly  clear,  and,  on 
cooling,  frequently  becomes  of  a  gelatinous  consistence.*  Its 
organic  matter  is  not  coagulated  by  heat.  In  the  dog  it  is 
rather  more  strongly  alkaline  than  the  parotid  saliva.  Ac- 
cording to  Bernard,  it  does  not  contain  the  sulpho-cyanide 
of  potassium.* 

'  Bkbhabd,  Zef&n$  de  Physiologie  Ezperimentale,  Paris,  1856,  p.  12.  The 
late  experiments  of  Bernard  concerning  the  influence  of  the  nervous  system  on 
Becretioii  were  made  chiefly  on  the  submaxillary  gland.  These  points  will  be  fully 
considered  onder  the  head  of  Secretion. 

'  BiDDKB  ASD  Schmidt  give  the  following  as  the  result  of  two  analyses  of  the 


sobmaxillary  saUva: 

First  Analysis. 

Water   99604 

Organic  matter   1-51 

Inorganic  matter   2*45 


1,000-00 

Second  Analysis. 

Water   991-45 

Organic  matter   2-80 

'  Chloride  of  calcium  i 
Chloride  of  sodium       f ^'^^ 
Inorganic  matter  ^  Carbonate  of  lime  \ 

Phosphate  of  lime        V   1-16 

^  Phosphate  of  magnesia  ) 


— Dir  Verdawingudfiey  Leipzig,  1862,  S.  8. 


1,000  00 


164 


DIGESTIOX. 


The  submaxillary  gland  ponrs  out  its  secretion  in  great- 
est abundance  when  sapid  substances  are  introduced  intc 
the  mouth.  Bernard  is  of  the  opinion  that  the  function  of 
this  gland  is  connected  exclusively  with  gustation,  and  that 
secretion  never  takes  place  except  in  obedience  to  stimular 
tion  of  the  gustator}'  nerves.*  It  is  undoubtedly  true  that  the 
most  marked  influence  of  sapid  substances  is  upon  the  sub- 
maxillary gland,  and  that  this  is  the  case  in  dogs  has  been 
sufliciently  proven  by  experiments.  In  the  solipeds  and 
ruminants,  Colin  has  observed  that  the  quantity  of  submax- 
illary saliva  secreted  is  much  increased  during  eating;  but, 
unlike  the  parotids,  the  secretion  does  not  alternate  on  the 
two  sides  with  the  alternation,  in  mastication.  lie  has 
found  in  all  the  domestic  animals,  that  the  flow  is  greatly 
influenced  by  the  degree  of  sapidity  of  the  food.'  As  regards 
the  special  functions  of  the  different  salivary  glands,  it  is  im- 
possible to  reason  directly  from  the  inferior  animals  to  the 
human  subject;  and  the  distinction  which  Bernard  has  en- 
deavored to  establish  between  the  different  glands  is  undoubt- 
edly too  rigorous.  Although  sapid  articles  induce  an  abun- 
dant secretion  from  the  submaxillary  glands,  they  also  pro- 
duce an  increase  in  the  secretions  from  the  parotids  and  sub- 
linguals; and,  on  the  other  hand,  movements  of  mastication 
increase  somewhat  the  flow  from  the  submaxillaries,  and 
these  glands  secrete  a  certain  amount  of  fluid  during  the 
intervals  of  digestion.  The  ^-iscid  consistence  of  the  sub- 
maxillary saliva  renders  it  less  capable  of  penetrating  the 
alimentary  mass  during  mastication  than  the  parotid  secre- 
tion, so  that  it  remains  chiefly  on  or  near  the  surface  of  the 
bolus. 

Suhlingual  Saliva, — The  sublinguals,  the  smallest  of 
llie  salivary  glands,  are  situated  beneath  the  tongue,  on  ei- 

*  Op.  cit.,  p.  85. 

'Colin,  Traite  de  Phisiohjie  Compat'ie  des  Anhnaux  IhmeiiiqMe*^  FmA, 
tomei.,  p.  478. 
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ther  side  of  the  frenum.  In  minute  structure  tliey  resemble 
the  parotid  and  the  submaxillary  glands.  Each  gland  has  a 
number  of  excretory  ducts,  from  eight  to  twenty,  which 
open  into  the  jnouth  by  the  side  of  the  frenum ;  one  of  the 
ducts,  larger  than  the  others,  joins  the  duct  of  tlie  submax- 
illary gland  near  its  termination  in  the  mouth. 

The  secretion  of  the  sublingual  glands  is  more  viscid 
even  than  the  submaxillary  saliva ;  but  it  diflers  in  the  fact 
that  it  does  not  gelatinize  on  cooling.  It  is  so  glutinous  that  it 
adheres  strongly  to  any  vessel,  and  flows  with  difficulty  from 
a  tube  introduced  into  the  duct.  Like  the  secretion  from  the 
other  salivary  glands,  its  reaction  is  distinctly  alkaline.  Its 
organic  matter  is  not  coagulated  by  heat,  acids,  nor  the 
metallic  salts.  According  to  Bernard,  after  desiccation  it  is 
redissolved  by  water,  and  its  viscid  properties  are  then  re- 
stored.* 

In  accordance  with  the  view  entertained  by  Bernard 
concerning  the  function  of  this  variety  of  saliva  and  its  spe- 
cial connection  with  deglutition,  it  is  supposed  to  be  secreted 
immediately  before  and  during  the  act  of  swallowing.  The 
experiments  which  are  advanced  in  support  of  this  view  are 
mostly  those  in  which  a  tube  was  fixed  in  each  of  the  three 
Balivary  ducts  in  a  dog ;  when  the  animal  was  caused  to  make 
movements  of  the  jaw,  movements  of  deglutition,  and  at  the 
same  time  the  gustatory  nerves  were  stimulated  by  the  intro- 
duction of  vinegar  into  the  mouth.  In  an  experiment  of 
this  kind,  it  was  observed  that  fluid  was  secreted"  by  all  the 
glands,  but  in  unequal  proportions  ;  "  the  submaxillary  sali- 
va flowed  very  abundantly,  the  parotid  saliva  much  less,  and 
the  sublingual  saliva  flowed  very  feebly."'    Although  the 

'  Bernard,  op.  eii.,  p.  92. 

Bernard  gives  a  table  of  the  composition  of  tlie  sublingual  saliva  taken  from 
Bidder  and  Schmidt.  This  is  an  error.  The  table  referred  to  is  the  composi- 
tion  of  the  mucous  secretion  of  the  mouth  (Mundschleim) ;  and  the  authors  re- 
ferred to  only  analyz«^d,  as  distinct  secretions,  the  parotid  and  sublingual  saliva, 
the  oompositions  of  which  have  been  given.    (Die  Verdanungstdfley  etc.,  S.  6.) 

•  Bernard,  op.  «7.,  p.  81. 
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animal  made  movemeiite  of  mastication^  experienced  a  gosta- 
toiy  impression,  and  made  movemeDts  of  deglntition,  it  is  hy 
no  meana  evident,  from  this  observation,  or  from  others  re- 
ported bj  Bernard,  lliat  the  flow  of  tbe  siiblin^ial  saliva  had 
any  special  connection  with  the  act  of  deglntitioiu  Tbe  ob- 
sen-ations  of  Colin  on  this  subject  show  that  in  tlie  domestic 
ruminants,  there  is  a  conetant  flow  of  the  sublingual  saltm 
during  the  time  oceopied  in  eating/ 

It  has  been  experimentally  demonstrated  that  the  sub- 
lingual glands  may  be  excited  to  secretion  by  impreagtom 
made  by  sapid  subatanees  upon  tbe  nerves  of  taste,  though 
tbe  flow  is  always  less  than  from  the  submaxillary  glao4L% 
The  gre^t  rigcidity  of  the  sublingual  saliva  reiideiB  it  lessi 
easily  mixed  with  tbe  alimentary  bohis  than  the  secretion 
from  the  parutid  or  gubmaxillary  glands. 

Fluids  from  the  SmaUer  Glands  of  M«  Mfmtky  Tomff 
ami  PAar^me.—Bem^th  the  mucous  membrane  of  th  ?  inner 
surface  of  the  lips,  are  imallj  rounded  glandular  bodies,  open- 
ing by  numerous  ducts  into  the  bnccal  cavity,  called  the  la- 
bial glands ;  and  In  the  snbmueouE  tissue  of  the  cbeeka,  are 
similar  bodies^  called  the  buccal  glands*  The  latter  are  mm^ 
what  smaller  than  the  labial  glands.  Two  or  three  of  the 
buccal  glands  are  of  considerable  size,  and  have  duels  open- 
ing opposite  the  last  molar  tooth ;  and  these  are  sometimes 
distinguished  as  tbe  molar  glands  There  are  also  a  few  small 
glanda  in  the  mucous  membrane  of  the  posterior  half  of  ibe 
hard  palate ;  but  the  glands  on  the  under  surface  of  tho  soft 
palate  are  larger  and  more  numerous,  and  here  form  a  cin- 
tinnous  layer.  The  glands  of  the  tongue  (lingual  glandt^)  are 
situated  beneath  the  mucous  membrane,  mainly  on  the  poste- 
rior third  of  the  dorsum  ;  but  a  few  are  found  at  the  edges 
and  tlie  tip.  All  of  theee  are  small  racemose  glands,  simUar 
in  strneture  to  those  which  have  been  called  the  true  salivary 
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glands.  In  addition  to  these  structures,  the  mucous  niem- 
hmm  of  the  tongiie  is  provided  with  a  number  of  simple  and 
compound  follicxilar  glands^  wliich  extend  over  its  entire 
eurfaeej  but  are  niofet  abundant  at  the  posterior  portiooj  be- 
Mud  the  circum  vallate  papilltje. 

In  the  pharvnx  and  the  posterior  portion  of  the  buccal 
cavitTj  are  found  the  pharrugeal  glaiidii  and  the  tonsils. 
In  the  pharynx,  particalarlj  the  upper  portion,  racemose 
glands,  like  those  found  in  the  moutli,  exitit  in  large  nuni- 
bers.  The  mucous  membrane  is  provided,  also,  with  numer- 
oias  simple  and  compound  mucous  follicles.  The  tonsilsj  situ- 
ated ou  either  side  of  the  fauces  between  the  pillars  of  the 
soft  palate^  consist  of  an  aggi*egation  of  compound  follicular 
glands,  held  together  by  fibrous  tisBue.  The  number  of 
glands  entering  into  the  compoeition  of  each  tonsil  is  from 

ten  to  twentvJ 
I' 

The  secretion  from  the  glands  and  follicles  above  enu- 
merated cannot  be  obtained^  in  the  human  subject,  unmixed 
with  the  fluids  from  the  true  salivary  glandw.  It  has  been 
obtained,  however,  in  small  quantity,  from  the  inferior  ani- 
mals, at\er  ligature  of  all  the  t^alivary  doets.  This  secretion 
ifi  simply  a  grayish,  viscid  mucus,  containing  a  number  of 
leucocytes  and  desquamated  epithelial  scales.  It  is  this 
which  gives  the  turbid  and  opaline  character  to  the  mixed 
saliva,  as  the  secretions  of  the  various  salivarv^  glands  are 
aU  perfectly  transparent.  The  fluid  from  the^^a  glands  in 
the  mouth  is  mixed  with  the  salivary  secret  ions ;  and  that 
Irom  the  posterior  part  of  the  tonguCj  the  tonsils,  and  the 
pharyngeal  glands  passes  down  to  tlie  stomach  with  the  ali- 
mentary Itolus.  This  secretion  con^quently  forms  a  constant 
and  es&ential  part  of  the  mixed  saliva. 

Mixed  Although  the  study  of  the  distinct  secre- 

tions discharged  into  the  mouth  posse^es  considerable  phyai- 

^  KoLLtKSR,  ^imeAU  d'hiskdvffie  hummnij  Pims,  1968,  p.  iAI^. 
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©logical  intei*eet  and  importaocej  it  is  only  tlie  fluid  resiilting 
from  a  union  of  them  all,  whicli  can  properly  be  coD^idered 
in  connectifjii  with  tb©  general  process  of  iiisalivation*  In 
man  it  is  nece^rj  that  the  cavitj  of  the  mouth  should  be 
continually  njoistened^  if  for  nothing  el^,  to  keep  the  parts 
in  a  proper  CMn<liti4>n  tor  phonation,  A  little  reflection  will 
make  it  apparent  that  the  flow,  from  some  of  tlie  glands  at 
leat>t,  h  constant,  and  that  from  time  to  time  a  certain  quan- 
tity of  saliva  is  swallowed.  This  is  even  more  marked  in 
&ome  of  the  inferior  animak,  m  the  ruminants*  The  di&- 
ehai^e  of  fluid  into  the  mouth,  though  diminished,  is  not 
arrested  during  sleep.  In  the  review  of  the  diflferent  kinds 
of  saliva,  it  hns  been  seen  that  the  flow  firom  none  of  the 
glands  is  absolutely  inteniiittent ;  unless,  occasionally,  Irom 
the  parotid,  the  secreting  function  of  which  is  most  power- 
folly  influenced  by  the  act  of  mastication  and  the  iinpres- 
i?ion  of  sapid  snbstanees. 

Upon  the  introduction  of  food,  the  quantity  of  saliva  is 
enormously  increased  ;  and  we  have  already  noted  the  influ-^ 
ence  of  the  sightj  odor,  and  occasionally  even  tlie  thought  of 
agreeable  articles*  Many  pergi>nj&  present  a  marked  increase  iti 
the  flow  of  saliva  at  the  sight  of  a  lemon  ;  and  we  ai*e  all  famil* 
inr,  in  a  general  way,  with  the  impressions  which  bring  ''wa* 
ter  into  tlie  mouth,'*  *  The  experiments  of  Frerichs  on  dogs 
with  gastric  fistidte,*  and  the  observations  of  Gardner  on  a 
patient  with  a  wound  in  the^ceaophagus,*  have  demonstrated 
that  the  flow  of  saliva  may  he  excited  by  the  stimulus  of 
food  introduced  directly  into  the  stomach  without  pasging 

'  CouN  {op.  rit,  p.  471)  ha»  tiiletl  to  excite  the  A&Uriry  ieemtkn  m  the 
hone  hj  ihe  t^ight  of  food ;  but  tbi^  fact  ^th  regard  to  tiie  tuumati  nibj«el  Umm 

'GaRS^Ki,  C*ueijf  a  Wounds/  ikf  7%r0^t  in  ithieA  iAt  Tni^^n  and 
fflpi*  netrt  dtmdtd  acrOM,  und  vpkiek  did  no4  ttrmintde  fittfiUy^  tdihau^  ihe 
hati        rvKfirW, — Sdhtbur^  Mtditnt  &nd  JSttrgif^tt  Jtufnio/^  1830,  TCl,  rrl, 

p.  dm. 
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througli  the  moutli.  It  is  well  known  that  the  quantity  of 
saliva  may  be  increased  by  directing  the  attention  to  this 
secretion,  moving  the  tongue  about  in  tlie  mouth,  sucking 
the  cheeks,  and  discharging  the  fluid  by  sputation ;  and  it 
may  be  largely  increased  by  taking  into  the  mouth  glass 
beads,  pebbles,  or  smooth  articles  of  this  kind. 

Quantity  of  Saliva. — It  is  not  easy  to  estimate,  in  the 
human  subject,  the  entire  quantity  of  saliva  secreted  in  the 
twenty-four  hours ;  and  great  variations  in  this  regard  un- 
doubtedly exist  in  different  persons,  and  even  in  the  same 
individual  at  different  times.  An  approximate  estimate  may 
be  arrived  at  by  noting,  as  nearly  as  possible,  the  average 
quantity  secreted  during  the  intervals  of  digestion,  and  add- 
ing to  it  the  quantity  absorbed  by  the  various  articles  of  food. 
Some  of  the  earlier  physiologists  investigated  this  subject 
with  much  patience.  B6rard  quotes  the  experiments  of  Sie- 
bold,  who  collected  the  saliva  by  holding  the  mouth  open 
with  the  head  inclined  so  that  the  fluid  should  flow  into  a 
vessel  as  fast  as  secreted.^  An  estimate  of  this  kind  can  only 
be  approximative ;  and  those  made  by  Dalton  are  apparently 
the  most  satisfactory.  This  observer  found  that  he  was  able 
to  collect  from  the  mouth,  without  any  artificial  stimulus, 
about  five  hundred  and  fifty-six  grains  of  saliva  per  hour ; 
and  he  also  found  that  wheaten  bread  gained  in  mastication 
fifty-five  per  cent.,  and  lean  meat  forty-eight  per  cent,  in 
weight.  Assuming  the  daily  allowance  of  bread  to  be  nine- 
teen ounces,  and  the  allowance  of  meat  to  be  sixteen  ounces, 
and  estimating  the  quantity  of  saliva  secreted  during  twenty- 
two  hours  of  interval,  the  entire  quantity  in  twenty-four  hours 
would  amount  to  20,164  grains,  or  a  little  less  than  three 
pounds  avoirdupois,  of  which  rather  more  than  one-half  is 
ueereted  during  the  intervals  of  eating.' 

Remembering  that  the  quantity  of  saliva  must  necessarily 

"  Op,  eil,  tome  I,  p.  696. 

*  Dalton,  A  Trealise  on  Human  Phtftiologyy  Philadelphia,  1871,  p.  115, 
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1)6  subjeet  to  great  variatioDs,  this  ^tiniate  uiay  be  taken  m 
giving  a  sufficiently  close  approximation  of  the  qaantitT  of 
saliva  ordinarily  secreted.  It  must  be  borne  in  niindj  how 
ever^  with  reference  to  tbis  and  the  other  digestive  eecretioiis^ 
that  this  immense  quantity  of  fluid  is  at  no  one  time  removed 
from  the  blood,  but  is  reabscTbed  nearly  as  fast  as  secreted,  and 
that  normally  J  none  of  it  is  discharged  from  the  organism 

General  Properties  and  C&mjmHion  of  Saliva, — The 
mixed  fluid  taken  from  the  moutli  is  ctilorless,  somewhat 
opaline,  frothy,  and  slightly  viscid.  It  generally  has  a  fnint 
and  somewhat  disagreeable  odor  very  soon  after  it  is  difi- 
ehai'ged.  If  it  be  allow^ed  to  stand,  it  depisits  a  whitish 
sediment  composed  mainly  of  desquamated  epithelial  sc^les^ 
with  a  few  leucocytes;  leaving  the  eapematant  fluid  tolera- 
bly clear.  Its  specific  gravity  is  variable ;  ranging  fri*m 
1,004  to  1,*3^J6  or  1,008.  Its  resection  k  almost  constantly 
alkaline ;  though,  under  certain  abnormal  conditions  of  the 
system,  it  has  occasionally  been  observed  to  be  neutral,  and 
eometimeSj  though  rarely,  acid.  AV^e  have  occasionally  ob- 
served a  distinctly  acid  taste  in  the  saliva  atler  very  se- 
vere, prolonged,  and  exhausti  ve  mnBcnlar  exertion.  The  sa- 
liva becomes  slightly  opalescent  by  boiling  and  on  the  addi- 
tion of  the  strong  acida  The  addition  of  alwlnte  alcohol 
produces  an  abundant,  whitish,  floceulent  precipitate.  Al- 
most invariably  the  mixed  saliva  presents*  a  more  or  1^  in* 
tense  blood-red  tint  on  the  addition  of  a  per-^lt  of  ironi 
which  is  due  to  the  presence  of  a  snlpbo-eyanide,  either  of 
potass! nni  or  sodium, 

A  number  of  analjnses  of  the  human  mixed  saliva  ha 
been  made  by  dilTerent  chemists,  presenting,  however,  few 
difiFerenceSj  except  in  the  relative  proportions  of  water  »ud 
solid  ingredients,  which  are  probably  quite  variable.  On© 
of  the  most  recent  of  these  analyies  is  the  following  by  Bi 
der  and  Schmidt ; ' 
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Compodtian  of  Human  Saliva. 
Water  


996*16 

1-62 
1-84 
0-06 
0-98 


^ithelium  

Soluble  organic  matter.  

Sulpho-cjanide  of  potassium  

Phoephates  of  soda,  lime,  and  magnesia, 
Chloride  of  potassium  ) 
Chloride  of  sodium  f 


0-84 


1,000-00 


The  organic  principle  of  the  mixed  saliva,  called  by  Ber- 
zelius  ptyaline,  is  not  aflTected  by  heat  or  the  acids,  but 
on  the  addition  of  an  excess  of  absolute  alcohol,  is  coagu- 
lated in  the  form  of  whitish  flakes,  which  may  be  readily 
separated  by  filtration.  This  substance  has  been  closely 
studied  by  Mialhe,  and  is  described  by  him  under  the  name 
of  animal  diastase.  This  author  regards  it  as  the  active 
principle  of  the  saliva.  It  is  obtained  from  the  human  saliva 
by  the  following  simple  process : 

The  fluid  from  the  mouth  is  first  filtered,  then  treated 
with  five  or  six  times  its  weight  of  absolute  alcohol,  by 
which  a  white  or  grayish-white  precipitate  is  formed.  This 
substance  is  collected  on  a  filter,  and  is  dried  in  thin  layers 
on  a  plate  of  glass  in  a  current  of  air  at  from  100®  to  120° 
Fahr.  It  may  then  be  preserved  indefinitely  in  a  well- 
stoppered  bottle.*  The  principle  thus  prepared  may  be  dis- 
solved in  water,  when  it  is  insipid,  neutral,  and  becomes  read- 
ily decomposed,  giving  rise  to  a  substance  resembling  butyric 
acid.  It  has  no  influence  upon  the  nitrogenized  alimentary 
principles,  but  when  brought  in  contact  with  raw  or  hydrated 
starch,  readily  transforms  it,  first  into  dextrine,  and  afterward 
into  glncose.  According  to  Mialhe,  the  energy  of  this  action 
is  such  that  one  part  is  sufficient  to  effect  the  transformation 
of  more  than  two  thousand  parts  of  starch. 

The  presence  of  a  certain  quantity  of  sulpho-cyanide  of 


'  MiALHi,  Chimie  apptiquit  d  la  Phynohgie  etdla  ThirapeuHque,  Paris,  1856, 
p.  48. 
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pota&siiiin  in  the  mixed  saliva  can  he  demonstrated  by  tli€ 
addition  of  a  per-salt,  especiallj  tlie  perfhloridej  of  iron. 
That  this  is  a  con&tant  and  normal  ingredient  of  the  humau 
saliva  cannot  he  doubted.  We  have  fteqiientlj"  had  oocasiun 
to  apply  this  test  to  the  saliva  of  different  personSj  and  the 
rsiaults  have  been  iiiviu'iably  the  same.  The  peculiar  reaction 
of  the  saliva  with  the  perchloride  of  iron  was  first  noticed  by 
Treviranus^  who  called  the  substance  producing  it  blood-acitU 
At  the  time  this  observation  was  made  (1814),  sulpho-cy- 
anic  acid  had  not  been  described*  Tiedemann  and  Gmelin 
confirmed  this  observation,  and  demonstrated  the  presence 
of  a  sulpho-cyanide  by  other  te^te/ 

It  has  been  a  question  whether  the  red  color  produced  by 
the  perchloride  of  iron  be  really  due  to  the  presence  of  a 
&ulpho-cyanide  in  the  saliva ;  or,  if  it  exist  at  all,  whether 
this  salt  be  a  normal  eonstitnantj  or  be  developed  accident- 
ally ai5  a  pathological  condition^  or  produced^  as  has  been 
stiggc^tec]^  by  the  action  of  reagents.  The  elaborate  investi- 
gations of  Longet  seem  to  have  settled  th^  questiorLs  con- 
chii^ively.  He  obtaincil  nearly  three  quarts  of  human  Balim, 
which  he  collected  in  half  an  hour  from  forty  Boldiei%  &8t- 
ing,  who,  after  having  rinsed  and  cleaned  the  mouth*  exciteti 
the  secretion  by  chewing  pieces  of  India  nil»her.  The  fluid 
was  then  concentrated  so  Uiat  all  the  sulpho-cyanide  was 
brought  into  a  few  drops,  which  showed,  to  an  intense  de- 
gree, the  peculiar  reaction  with  the  per  chloride  of  iron,  By 
suitable  manipulations,  the  presence  of  sulphur  was  also  e^ 
tabli^lied.' 

mi^va  #irr  la  Dipntion,  Pnri^^  1 827,  premiere  p«rtie,  p.  9  d  aef . 

^  LojfaiTt  TrniU      p^txfmo^offle,,  Piark,         tome  In  tfkw 

nipul&tionsi,  L*pugct  folio  wreJ  liit-  process  of  Ti^emfltiii  jiiid  Qmdin  tU\ 
wfaofle  observatioDa  oa  thia  pomi  «erq  flimply  coairtned  ;  ibe  tridTcreace  bt^iiig  that 
in  tbe  cibfierratiooA  of  l^rooget  the  f^xtnet  wiu»  nutdc  from  a.  jetj  Iftir^  iiaanlitj 
of  ttiilirs,  It  is  uiinei<«sf]iry  to  review  the  process  hy  whieU  it  id  decnoiu^tfale^ 
thit  the  reactlofti  with  the  perchloride  is  not  due  to  ihm  ptmetLee  of  the 
ol  aodA|  OS  hiu  been  fluggettod. 
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Longet  states,  farthermore,  that  he  has  examined  the  sa- 
hVa  from  a  great  number  of  persons,  under  all  con'iitions, 
and  has  never  failed  to  demonstrate  the  presence  of  the  sul- 
pho-eyanide.  Its  proportion  he  found  very  variable,  and  in 
some  cases  it  was  so  slight  that  the  reaction  with  the  per- 
chloride  of  iron  did  not  immediately  manifest  itself ;  but  by 
slowly*  evaporating  the  liquid  to  one-half  or  one-third  of  its 
original  volume,  the  reaction  became  manifest  in  all  cases.* 

In  examining  the  saliva  of  a  number  of  persons,  Bernard 
found  some  in  which  no  red  color  was  produced  by  the  addi- 
tion of  the  perchloride  of  iron,  and  he  remarked  that  all  in 
which  the  reaction  was  manifested  were  in  the  habit  of 
smoking.  This  led  him  to  add  a  little  nicotine  to  the  speci- 
mens of  saliva  which  did  not  present  this  reaction,  when  a 
red  color,  somewhat  less  intense  than  in  the  other  specimens, 
was  produced.'  If,  in  these  experiments,  the  saliva  had  been 
slightly  evaporated,  it  is  probable  that  the  reaction  would 
have  been  manifested.  We  have  frequently  demonstrated 
to  a  medical  class  the  presence  of  a  sulpho-cyanide  in  the 
saliva  of  persons  who  had  never  used  tobacco. 

It  is  probable  that  the  sulpho-cyanide  of  potassium  is  a 
constant  ingredient  of  each  of  the  three  varieties  of  saliva. 
It  has  been  found  in  the  parotid,  in  cases  of  salivary  fistula, 
and  was  noted  by  Dalton  in  the  saliva  taken  from  the  duct 
of  Steno,  though  in  this  case  the  saliva  contained  an  organic 
principle  which  interfered  with  the  test,  but  which  could 
be  precipitated  by  alcohol  and  separated  by  filtration.* 
Longet  found  the  sulpho-cyanide  in  the  saliva  from  the  sub- 

'  LoDget  found  the  perchloride  of  iron  a  much  more  delicate  test  than  the 
persulphate,  which  is  sometimes  used.  When  the  peculiar  reaction  Fhows  itself 
after  evaporating  the  liquid,  it  is  not  due  to  mere  concentration,  but  to  some 
change  which  occurs  during  the  process ;  for  the  color  may  be  obtained  when  the 
quantity  of  water  lost  by  evaporation  has  been  restored.  (Bernard,  Lefotu  de 
Pkymdoffie  ExpMnneniale^  Paris,  1866,  tome  ii.,  p.  140.) 

'  BxRNARD,  lAqnide*  de  VOrganiBme^  Paris,  1869,  tome  il,  p.  244. 

'  See  p.  157  (note).  The  analysis  of  Mr.  Perkins  gives  the  sulpho-cyanide  of 
■odium  instead  of  the  sulpho-cyanide  of  potassium. 
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maxillary  and  ^ubliugiial  glands,  taken  from  the  ftoor  of  tlie 
moutli  behind  the  inierior  incisor  and  canine  teeth/ 

Yery  little  need  be  said  concerning  the  remaining  inor- 
ganic comtituents  of  salivaj  except  tliat  they  are  of  such  a 
nature  as  almost  invariably  to  render  the  fluid  distinctly  al 
kaKne*  They  ejdst  in  ^mall  proportioUj  and  do  not  appear 
to  be  connected  in  any  way  with  the  functions  of  tlie  saliva 
m  a  digestive  fluid, 

JFhm^ums  of  the  Salim, 

PhysiologiBti  are  not  entirely  agreed  concerning  @ome 
of  the  most  important  questions  relating  to  the  function 
of  the  mixed  saliva  in  digestion,  Bernard ^  from  observa- 
tions on  the  lower  animak,  particularly  on  dogs,  condodei 
that  the  operation  of  the  saliva  is  only  mechanical ;  wliile 
otherSj  in  view  of  its  property  of  rapidly  transfonning  starch 
into  sugar,  attribute  to  it  an  important  chemical  fimction. 
The  experiments  on  which  the  view  of  Bernard  is  bused  are 
conclusive,  m  far  as  they  go*  He  has  shown  that  none  of 
the  distinct  varieties  of  saliva  from  the  dog  afiect  starch ; 
that  a  mixture  of  the  fluids  from  the  three  salivaiy  glanda 
is  likewise  inoperative ;  and  that  t!ie  mixed  saliva  from  the 
mouth  of  the  dogj  containing  the  secretion  of  the  mueoug 
glands  of  the  mouthy  converts  starch  into  sugar  with  diffi.- 
culty.  On  the  same  page^  however,  he  mentions  the  well- 
known  fact  that  the  human  mixed  saliva  changes  starch  into 
sugar  with  great  rapidity 5*  and  that  the  same  effect  is  pro- 
duced by  the  unmixed  parotid  or  submaxillary  secretion.* 
In  the  dog,  amylaceous  principles  taken  by  the  mouth  are 
always  found  unaltered  in  the  stomach,  and  are  only  trans- 
formed into  sugar  in  the  small  intestines ;  but  ol>servationi 
have  shown  that  this  is  not  the  case  in  the  human  subject* 
These  facts  are  a  sufficient  ai^ument  against  the  direct  appli- 


^  h&a&wt^  TVitiii  de  pkifMiidoffie^  Paris,  tS$8,  tome  L,  p.  1S9. 

'  BERNARD,  Lifon$  dt  phyMoffk  ej^^mtntaltf  FarUf  ld&6,  p.  IGT  if  mf 

» Ibid.,  p.  m. 


FUNCTIONS  OF  THE  8ALI\^A. 


175 


cation  of  experiments  made  on  an  exclusively  carnivorous  ani- 
mal, like  the  dog,  to  the  digestive  process  in  man.  While  there 
is  no  reason  to  suppose  that  there  is  any  material  difference 
in  the  mammalia,  as  regards  the  general  operation  of  some 
of  the  functions,  such  as  circulation  or  respiration,  it  is  evi- 
dent that  differences  exist  in  the  properties  of  the  digestive 
fluids,  as  well  as  in  the  teeth  and  jaws,  corresponding  with 
the  great  differences  in  the  character  and  conditions  of  the 
alimentary  principles.    In  the  study  of  digestion,  therefore, 
the  results  of  experiments  on  the  inferior  animals  cannot 
always  be  taken  without  reserve,  and  must  be  confirmed  by 
observations  on  the  human  subject;  but  fortunately,  the 
properties  of  nearly  all  of  the  digestive  fluids  which  have 
been  studied  minutely  by  vivisections  have  been  investigated 
more  or  less  fully  in  man. 

In  1831,  Leuchs  discovered  that  hydrated  starch,  mixed 
'with  fresh  saliva  and  warmed,  became  Uquid  in  the  space  of 
several  hours  and  was  converted  into  sugar.*    This  fact  has 
since  been  repeatedly  confirmed ;  and  it  is  now  a  matter  of 
common  observation  that  hydrated  starch,  or  unleavened 
bread,  taken  into  the  mouth,  almost  instantly  loses  the  prop- 
erty of  striking  a  blue  color  with  iodine,  and  responds  to  the 
usual  tests  for  sugar.    Of  the  rapidity  of  this  action  any  one 
can  easily  convince  himself  by  the  simple  experiment  of  tak- 
ing a  little  cooked  starch  into  the  mouth,  mixing  it  well  with 
the  saliva,  and  testing  in  the  ordinary  way  for  sugar.  This 
can  hardly  be  done  so  rapidly  that  the  reaction  is  not  mani- 
fested ;  and  the  presence  of  sugar  is  also  indicated  by  the  taste. 
Though  the  human  mixed  saliva  will  finally  exert  the  same 
action  on  uncooked  starch,  the  transformation  takes  place 
much  more  slowly.  It  has  been  shown  by  experiment  that  all 
the  varieties  of  human  saliva  have  the  same  effect  on  starch 
as  the  mixed  fluids  of  the  mouth.  Dalton  found  no  difference 
in  the  pure  parotid  saliva  and  the  mixed  saliva  of  the  human 
subject  as  regards  the  power  of  transfonniug  starch  into  su- 

*  BiTRDACH,  Traill  de  Phyiinlojic,  Paris,  1841,  tome  ix.,  p.  265. 
44  . 
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gurJ  Bernani  obtained  tbe  pure  secretions  from  the  parotid 
and  from  the  &Tibiii  axillary  glands  in  the  human  subject,  bj 
drawing  it  out  ol"  the  ducts  as  they  open  into  the  mouthy 
with  a  email  gyringe  with  the  nozzle  arranged  &o  as  to 
fit  over  the  papilliej  and  demonstrated  their  action  on 
BtiOHih.'  This  factj  with  regard  to  the  parotid,  had  previ- 
ously  been  established  ui  a  patient  with  a  fistula  into  tlio 
duct  of  Steno  by  Jarjavay  and  Mialhej  the  experiment  hav- 
ing been  made  at  the  suggestion  of  M.  Berard/  In  this  ca^ 
the  fiuid  from  the  fi&tula  transformed  starch  into  sugar  with 
great  facility.  Longet  afterward  showed  that  a  mixture  of 
the  secretions  of  the  submaxillary  and  the  sublingual  glanda 
had  the  same  property,' 

It  is  unneceasaiy,  in  this  counectionj  to  recite  the  uuiner* 
ons  experiments  on  the  influence  of  the  saliva  of  the  inferior 
animals  on  starch ;  but  it  may  be  stated^  as  an  established 
and  generally-accepted  taetj  that  the  mixed  saliva  and  Uie 
secretion  of  the  different  salivary  glauda,  in  the  human  eab- 
ject,  invariably  transforni  cooked  starch  into  sugar  with 
giieat  rapidity  in  the  mouth,  and  also,  at  the  proper  tempera^ 
ture,  out  of  the  body.  It  has  lieen  also  shown  by  MiaUia 
that  the  starch,  though  it  is  converted  rapidly  into  sugar  in 
this  process,  is  finst  transformed  into  dextrine.* 

This  point  l^eing  settled,  there  arises  the  important  ques* 
tion  whether  the  action  of  the  sidiva  be  really  imiK>rtaut  in 
the  digestion  of  starch,  or  whether  this  transformation  be 
merely  accidental ;  for  it  has  been  shown  that  other  fiuidB^ 

'  Bti^  pag« 

•  Beraild,  CflFUi^  de  Fh^<it^%e^  P^Hs^  1S4^^  tome  iL,  p.  note. 
In  muny  cases  of  giollvdry  fistula,  the  Siild  ili^ch&rged  foiled  to  cflbct  the 

traosfomiation  of  starch.  In  the  obacrratloDs  of  Yvot  Ddton  on  Ihe  parofid 
■ilifn  tukea  fix^m  tbe  duct  by  a  tabe  mtrcHluc«l  b.^  tbe  motithj  the  cniiisfbtiB^ 
tioQ  wm  compk'ti\    (VcrbiiL  cotnoiUQlcatian.) 

•  LoNQET^  Traiie  <k  rhyitwioffie^  Fiftrk,  IftCQ,  tome  I,  p.  aOO, 

•  MiALME,  C^m  fippliquie  J  h  Fh^iofo^u  wl  d  h  7%irapeuti^,  Pari^ 
IS&G,  p.  40. 
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■mong  which  may  be  mentioned  the  eenmi  of  the  Ijloudj  tlie 
fluid  J'uniid  in  cjetSj  and  jnueus,  have  the  &ame  property  i 
amLongh  nonCj  except  the  intestinal  jniceSj  are  nearly  so  etfi- 
cient  m  the  galiva.  And  again^  the  quantity  of  starch  contained 
in  the  food  m  m  great  that  it  would  require,  apparent! a 
longer  contact  with  the  ealiva  than  nsually  takes  phice  in  the 
tnoutli  to  make  thi^  action  very  effective.  These  coiisidera- 
lions  make  it  ncccesary  to  follow  the  amylaceona  principles 
of  food  into  the  storaaehj  and  ascertain^  if  poseible,  whether 
the  transfonnatiou  into  sugar  be  continued  in  this  organ- 

Bernai^d,  atter  feeding  a  dog  with  &tarchj  di'ew  off  the 
contents  of  the  stomach  by  a  gastric  fistula^  and  found  the 
itarch  unchanged^  with  no  traces  of  sngar/  This  exi>eri- 
ment  we  have  often  repeated  in  puhlic  demonstrations,  witJi 
the  same  results  |  hut  the  differences  already  noted  in  the 
pmpcrtie^  of  the  aeliva  of  the  human  sulvject  and  of  the  in- 
ferior animak  desti^oy  much  of  the  value  of  tiiis  observation. 
Longet'  and  others  have  shown  that  the  addition  of  gastric 
juice  to  the  saliva  does  not  iuterfcre  %i*ith  the  action  of  the 
latter  on  starchy  but  it  hm  been  found  that  the  reaction  of 
the  sugar  thus  resulting  from  the  transfc»nnation  of  the  starch 
is  masked  by  tlie  presence  of  other  principles  contained  in  the 
gtomach.  The  qucfiticn  of  the  continuance^  in  the  stomach, 
of  the  digestion  of  starch  by  the  saliva  is  settled  by  the  fol- 
lowing observation  by  Griiiiewaldt  and  Schroder,  in  1853, 
on  a  woman  with  a  gastric  fistula :  * 

**  After  a  meal  of  raw  starch,  no  sugar  was  found  in  the 
contents  of  the  stomach,  the  acid  juice  was  drawn  by  the 
fi^la^  and  was  mixed  with  paste ;  the  transformation  into 
AUgar  coninieuced  immediately.  As  Bidder  has  obser%'ed, 
the  transfomiiug  propeity  of  the  saliva  persists,  even  in  the 
pmence  of  free  acids. 

"  A  few  ounces  of  starch  swelled  with  btahng  water  were 

J  Op.  di.,  p. 

'  Lo!ioirr,  Trait*     /JiifMo^k^  Pwii,  1888,  t4>me  I,  p.  %04. 
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introduced  in  the  stomach,  fasting,  by  the  fistula ;  immedi- 
ately after,  a  portion  of  the  starch  was  expelled  again; 
already  it  contained  sugar.  A  quarter  of  an  hour  atter,  a 
great  deal  of  sugar  was  found  in  the  stomach,  and  the  paste 
had  become  entirely  fluid." 

There  can  be  no  doubt  that  the  saliva,  in  addition  to  its 
important  mechanical  functions,  transforms  a  considerable 
l)ortion  of  the  cooked  starch,  which  is  the  conmion  form  in 
which  this  principle  is  taken  by  the  human  subject,  into 
sugar;  but  it  is  by  no  means  the  only  fluid  engaged  in 
its  digestion,  similar  properties  belonging,"  as  we  shall  see 
hereafter,  to  the  pancreatic  and  the  intestinal  juice.  The 
last-named  fluids  are  probably  move  active,  even,  than  the 
saliva.  The  saliva  acts  slowly  and  imperfectly  on  raw 
starch,  which  is  hydrated  in  the  stomach  and  digested  main- 
ly by  the  fluids  of  the  small  intestine.  Jn  all  probability, 
the  saliva  does  not  digest  all  the  hydrated  starch  taken  as 
food ;  the  greater  part  passing  unchanged  from  the  stomach 
into  the  intestine.  Those  who  attribute  only  a  mechanical 
function  to  the  saliva  di-aw  their  conclusions  entirely  firom 
experiments  on  the  lower  animals,  particularly  the  camiv- 
oi*a ;  and  it  is  evident  that  such  observations  cannot  be  strictly 
applied  to  the  human  subject.* 

The  principle  which  is  specially  active  in  the  digestion  of 

'  lo  the  herbivora,  the  chemical  action  of  the  saliva  is  much  more  important 
than  in  the  eamivora.  In  the  report  of  a  commission  of  the  Academy  of  Sci- 
ences, in  1846,  composed  of  Magendie,  Rayer,  Payen,  and  others,  the  following 
interesting  facts  were  developed  concerning  the  mixed  saliva  of  the  horse : 

"  This  saliva  was  obtained  in  a  state  of  purity  by  causing  a  horse,  that  had 
an  opening  into  the  oesophagus,  to  eat  bran  washed,  first  with  cold  water,  and 
afterward  with  boiling  distilled  water.  ■  •         •  • 

*'  The  bran  thus  prepared  was  given  to  the  horse,  who  chewed  it,  moistened 
it  with  saliva,  and  swallowed  it ;  and  it  is  the  liquid  pressed  from  the  masses 
and  filtorcd  which  has  been  studied  under  the  name  of  the  mixed  saliva.    *  * 

Like  the  human  saliva  taken  from  the  mouth,  the  mixed  saliva  of  the  horse 
transforms  starch-paste  instantly  into  sugar  at  104''  Fahr.  At  the  temperature 
of  104,^  it  has  a  slow  but  sensible  action  on  raw  starch  and  on  coagulated  albih 
men." — CovipU*  Bi  nJus,  Tarh,  1845,  pp.  908,  904. 
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et&reli.  ill  Tlie  luinmn  subject  at  least,  must  exist  in  the  pure 
fficretioii  from  the  various  ghiucl!?,  as  well  us  in  the  mixed 
saliva.  It  has  been  isolated  and  studied  by  Miidhej  under 
the  name  of  animal  disastaae.  Its  itroperties  and  its  aetion 
00  starch  have  already  been  noted  in  treating  of  the  compo- 
sition of  tlie  mixed  saliva. 

lu  treating  uf  the  various  fluids  which  are  cfomhiued  to 
imn  the  mixed  &aliva,  their  mechanical  functions  have  neces- 
lArily  been  touched  upon.  To  snin  up  this  subject,  howevBTj  it 
toAv  be  itated  that  the  fluids  of  the  mouth  and  pharynx  have 
qnite  as  important  an  office  in  preparing  the  thod  fur  degln- 
tition  and  lor  the  action  of  the  juices  in  the  stomach,  as  in  the 
digchiion  of  starch.  Indeed^  the  former  is  probably  the  more 
iiaprtarit  function  in  man  and  the  herbivora.  It  is  a  mutter 
uf  common  experience  tliat  the  rapid  deglutition  uf  very  dry 
articles  is  impossible ;  and  the  experiments  of  Bernard  and 
iitlier&  on  horses  furnish  verv  strikins^  illustrations  of  the  ini- 
jmrtancc  of  the  saliva  as  a  purely  mechanical  agent.  Li 
the  hamuli  siilyect,  though  mastication  and  insalivation 
are  by  no  means  so  complete  m  in  some  of  the  lower  ani- 
mals, the  qmintity  of  saliva  absorbed  by  the  varioui;  articles 
of  food  h  enormous.  The  observations  of  Dalton,  which 
tave  Ijeen  already  referred  to  in  treating  of  the  entire  quan- 
tity of  saliva,  show  that  white  bread  ah3F;orb?>  in  the  month 
fifty *five  per  cent.,  and  cooked  meat,  forty-eight  per  cent,  of 
il8  original  weight/  It  seems  inipus^ible  that  the  fluid 
thns  incorporated  with  the  alimentary  principles  should  not 
have  an  important  influence  on  the  changes  wiiich  take  place 
in  the  stomach,  though  it  must  be  confessed  that  our  iufor- 
ion  on  this  point  is  very  meagre,  except  as  regards  the 
tion  of  starch. 

It  is  undoubtedly  the  abimdant  secretion  of  the  parotid 
which  becomes  most  completely  incorporated  with 
during  mastication,  and  serves  to  unite  the  dry  par- 
Hcles  into  a  single  coherent  mass.   In  an  experiment  on  a 
'  %  tit.,  p,  115, 
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horse,  Bernard  found  that  after  the  ducts  of  Steno  had  been 
divided,  the  portions  of  food,  which  were  collected  by  an 
opening  into  the  oesophagus  as  they  were  swallowed,  were 
not  coherent  and  were  passed  into  the  stomach  with  great 
difficulty.  The  time  occupied  in  eating  about  three-quarters 
of  a  pound  of  oats  was  twenty-five  minutes ;  while  before 
the  section  of  the  salivary  ducts,  a  pound  of  oats  was  eaten 
in  nine  minutes.* 

The  secretions  from  the  submaxillary  and  sublingual 
fflands  and  the  small  glands  and  follicles  of  the  mouth,  being 
more  viscid  and  less  in  quantity  than  the  parotid  secretion, 
penetrate  the  alimentary  bolus  less  easily,  and  have  rather 
a  tendency  to  form  a  glairy  coating  on  its  exterior;  ag- 
glutinating the  particles  on  the  surface  with  peculiar  tena- 
city. 

When  the  process  of  mastication  and  insalivation  is  com- 
pleted, and  the  food  is  passed  back  into  the  pharynx,  it  meets 
with  the  secretion  of  the  pharyngeal  glands,  which  still  ftir- 
ther  coats  the  surface  with  the  viscid  fluid  which  covers  the 
mucous  membrane  in  this  situation,  thus  facilitating  the  first 
procasscs  of  deglutition. 

It  has  been  obser^•ed  that  the  saliva  has  a  remarkable 
tendency  to  entangle  bubbles  of  air  in  the  alimentary  mass. 
In  mastication,  a  considerable  quantity  of  air  is  mixed  with 
the  food,  and  this  undoubtedly  facilitates  the  penetration  of 
the  gastric  juice.  It  is  well  known  that  moist,  heavy  bread, 
and  articles  that  cannot  become  impregnated  in  this  way 
with  air,  are  not  easily  acted  upon  in  the  stomach. 

*  Bernard,  Lemons  d€  Phi/fioloffie  Ex])erimentaU^  Paris,  1856,  p.  14*. 
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DEGnrrmoN, 

Fbjeiiu^^cal  anntotiiy  of  the  p&rt^  cnncenied  in  dDgluiUluti — PhanruK — Moidoi 
of  tbe  pharynx— Mtisckii  of  the  mil  pulnte — Mucoiu*  membrane  of  tlia  pihii^ 
yn% — (EiophAgtis — Meclianiam  of  deglutiiion— First  period  of  deglutition — 
jsecoad  period  of  rteglutitlon^ProtectiQii  of  tbe  pusterior  nar^  during  the 
•ecood  period  of  dt-glutition^ProtectioQ  of  tbe  openieg  of  the  larjnjt— Fun(^- 
ikn  of  theepi;|l<itii9 — StnJy  of  deglutition  by  autobryngoscopy^Tbird  pmod 
dfglotition — Int^rmiUcDt  contraulion  of  the  lower  third  of  tbe  fESophagnj 
-*Nit<in!  of  the  roovementa  of  degliitition— Deglutition  of  air, 

DegfAiiiiton. 

DEGLmnoN  is  the  act  by  which  sulid  and  liquid  articles 
are  tended  from  the  mouth  into  the  stomach.  The  process 
iuYolves  first,  the  passage — by  a  voluntary  movement — of  the 
alimentary  mass  through  the  isthmus  of  the  fances  into  the 
pharynx ;  then  a  rapid  contraction  of  the  constrictors  of  the 
pharjmx,  by  which  it  is  forced  into  the  o^phaguB;  and, 
finally^  a  perissitaltic  action  of  the  miiscnlar  walk  of  the 
ogdophagius  extending  from  itB  opening  at  the  pharynx  to  the 
itomaeh. 

Physiological  Anatomy  of  t/i£  Parts  concerned  in  Deg- 
luiltmn, —  The  paiii*  concerned  in  this  function  are  the 
tongue,  the  muscular  walls  of  the  phai-yiiXj  and  the  cesso* 
phagus*  In  the  passage  of  food  and  drink  through  the 
pharynx,  it  is  necessary  to  completely  protect  from  the  en- 
trance of  foreign  matters  a  inmiber  of  openings  which  are 
exclusively  for  the  passage  of  air.    Tliese  are  the  posterior 
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nares  and  the  Eustachian  tubes,  above ;  and  below,  the  opeor 
ing  of  the  larynx.  The  mechanism  by  which  these  passages 
are  closed  during  the  acts  of  deglutition  is  one  of  the  moet 
interesting  subjects  connected  with  this  function,  and  has 
long  engaged  the  attention  of  physiologists. 

The  tongue — a  muscular  organ  capable  of  a  great  variety 
of  movements,  and  endowed,  as  we  have  seen,  with  highly 
important  functions  connected  with  mastication — ^is  the  chief 
agent  in  the  first  processes  of  deglutition.  Its  physiological 
anatomy  has  already  been  considered. 

The  pharynx,  in  which  the  most  vigorous  and  complex 
of  the  movements  of  deglutition  take  place,  is  an  irregularly 
funnel-shaped  cavity,  its  longest  diameter  being  transverse  and 
opposite  the  cornua  of  the  hyoid  bone,  with  its  smallest  por- 
tion at  the  opening  into  the  oesophagus.  Its  length  is  about 
four  and  a  half  inches.  It  is  connected  superiorly  and  pos- 
teriorly with  the  ])tisilar  process  of  the  occipital  bone  and 
the  upj^er  cervical  vertebne.  It  is  imperfectly  separated 
from  the  cavity  of  the  mouth  by  the  velum  pendulum  palati, 
a  movable  musculo-membranous  fold,  continuous  with  the 
roof  of  the  mouth  and  marked  by  a  line  in  the  centre,  which 
indicates  its  original  development  by  two  lateral  halves. 
This,  which  is  called  the  soft  palate,  when  relaxed,  presents 
a  concave  surface  looking  toward  the  mouth,  a  free,  arched 
border,  and  a  conical  process  hanging  from  the  centre,  called 
the  uvula.  On  either  side  of  the  soft  palate  are  two  curved 
pillars  or  arches. 

The  anterior  pillars  of  the  fauces  are  formed  by  the  pala- 
to-glossus  muscle  on  either  side,  and  nm  obliquely  downward 
and  forward  ;  the  mucous  membrane  which  covers  them  be- 
coming continuous  with  the  membrane  of  the  base  of  the 
tongue.  The  posterior  pillars  are  more  closely  approxi- 
mated to  each  other  than  the  anterior.  They  run  obliquely 
downward  and  backward,  their  mucous  membrane  becoming 
continuous  with  the  membrane  covering  the  sides  of  the 
pharynx.    Between  the  lower  portion  of  the  anterior  and 
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Kior  pillarSj  are  the  tonsik ;  and  iu  tlie  substatice  of,  and 
th  the  mncjouft  membrane  of  the  palate  uad  phaiTux, 
ore  rnisM  gland^  wliich  have  already  been  described. 

In  Fig,  1  are  sJiown  tlie  cavities  of  the  mouth  and  pliaiv 
\m,  with  their  relations  to  the  xiarea  and  the  larj^mL 


^  crllnn  ftt  tlitr  m^dlAn  hnf>,af  Ihetacp  AUfl  Tlje  «ui^rinr  |M>rt1oQ  nrUic  nvck,  ^«*\gnt^t\  to 
-  II- 111  lu  ix-laliuii«  ui  fhti  nii*«i  iu^s-vp.^Uw  pJuirynx,  ftud  the  Inrytix,— 

^'ifitiii  paljBtl.— 3.  .^Mti^rlor  pIllAr  ctl  tbe  tuft  pabite.— fi^  Foilerlar  pll- 
ile.— 7.  TwiisiL— ^1  Llu^tittl  pfirtUwi  ut  tht*  caritj  of  tbf  phntyni.— 
$i:cUoiti  of  tUc  Iit4:4d  btmi'r— 11.  Liii7i]^*t>At  poitkm  qf  the  cavily 
li.  CoYiij  of  the  ljir>Ta»   (SirTOT*  lYmU  itasal&mie  dt^cripCive^ 
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Tlie  iistlimus  of  the  fauces,  or  the  strait  tirough  which  the 
food  passesi  IroDi  the  month  to  the  pbarjTiJCj  is  thus  bounded 
above  by  the  soft  palate  and  the  unila ;  laterally,  by  the  pil- 
lars of  the  palate  aud  the  tonsils ;  and  below^  by  the  base  of 
the  tongne* 

The  openings  into  the  pharynx  above  are  the  posterior 
nares  and  orificas  of  the  Eufitaehian  tubes.  Below,  are  the 
openings  of  the  oesophagus  and  the  larynx. 

The  miMcle^  of  the  pharj^nx  are  the  superior  constrictor^ 
tlie  stylo-pharyngeus,  the  middle  constrictor,  and  the  inferior 
constrictor ;  ajid  it  is  easy  to  see^  from  the  situation  of  these 
muscles,  how,  by  their  successive  action  from  above  dawn- 
ward^  the  food  is  pas^d  into  the  oe^phagu^ 

The  superior  constrictors  form  the  muscular  wall  of  the 
upper  part  of  the  pharynx.  Their  origin  extends  &om  the 
lower  third  of  the  margin  of  the  internal  pterygoid  plate  of 
the  sphenoid  Ixjne  to  the  alveolar  process  of  the  la^jt  molar 
tooth,  the  intermediate  line  of  attachment  l>eing  to  tendons 
and  ligaments-  The  fibres  then  pas&  backAvard  and  meet  in 
the  median  raphe,  which  h  attached  by  a|>eneurotic  fibres 
to  a  ridge  on  the  bai?ilar  proct^  of  the  occipital  bone,  called 
the  pharyngeal  Bpiae, 

The  stylo-pbarvngeus  niu^ele  has  a  rounded  portion 
above  l^y  which  it  arises  fruin  the  iimor  surlace  of  the  biise  of 
the  styloid  process  of  the  temporal  bone.  It  pius^^s  betwetm 
the  superior  and  middle  constrictors  of  the  pharynx,  beci^mes 
tliin,  and  spreading  out,  its  fibres  miugle  in  part  with  the 
fibres  of  the  constrictors  and  the  palato-pharyngeus,  and  a  few 
pass  to  be  inserted  into  the  upper  l)order  of  tlie  thyroid  carti- 

The  middle  constrictor  is  a  flattened  mnsi'le  arising  frotii 
the  eornua  of  tlie  hroid  bone  and  the  sty lo-h void  U^meiil ; 
it*  fibres  passing  backwanl,  gpreading  into  a  Ian  shape,  and 
meeting  in  the  median  raphe. 

The  inferior  cons^trictor  is  the  most  jK>werful  of  the  mtis- 
cles  of  the  pharynx*   It  arises  by  thick  fiesliy  masses  fn>m 
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the  eides  of  the  thyroid  and  cricoid  cartilages  of  the  larynx* 
The  inferior  fibres  curve  backward,  and  the  superior  fibres 
backward  and  upward,  to  meet  in  the  median  raphe. 

The  muscles  which  form  the  fleshy  portions  of  the  soft 
palate  are  likewise  important  in  deglutition. 

The  levator  palati,  a  long  muscle  of  considerable  thick- 
ness, arises  from  the  apex  of  the  petrous  portion  of  the 
temporal  bone  and  the  adjacent  cartilaginous  portion  of  the 
Eustachian  tube ;  and  spreading  out  in  the  posterior  portion 
of  the  soft  palate,  as  its  name  implies,  it  raises  the  velum. 

The  tensor  palati,  sometimes  called  the  circumflexus,  is  a 
broad  thin  muscle  consisting  of  a  vertical  portion  which  is 
fleshy,  and  a  horizontal  portion  which  is  tendinous.  The 
fleshy  fibres  arise  from  the  scaphoid  fossa  of  the  sphenoid 
bone,  pass  downward,  become  tendinous,  and  wind  around 
the  hamular  process ;  after  which  the  muscle  spreads  out 
into  a  thin  aponeurosis  which  passes  to  the  median  line  on 
the  anterior  portion  of  the  soft  palate.  Ita  action  is  to  make 
the  palate  tense. 

The  palato-glossus  forms  the  anterior  pillar  of  the  soft 
palate.  It  arises  from  the  side  of  the  palate  near  the  uvula 
and  passes  to  be  inserted  into  the  side  and  dorsum  of  the 
tongue.  The  action  of  this  muscle  is  to  constrict  the  isthmus 
of  the  fauces  by  drawing  down  the  soft  palate  and  elevating 
the  base  of  the  tongue. 

The  palato-pharyngeus  forms  the  posterior  pillar  of  the 
soft  palate.  It  arises  from  the  soft  palate  by  two  fasciculi, 
and  joins  with  the  fibres  of  the  stylo-pharjmgeus,  to  be  in- 
serted into  the  posterior  border  of  the  thyroid  cartilage.  It^ 
action  is  to  approximate  the  posterior  pillars  of  the  palate 
and  depress  the  velum. 

The  azygos  uvulae  is  the  small  muscle,  consisting  of  two 
fasciculi,  one  on  either  side,  which  forms  .the  fleshy  portion 
of  the  uvula.  It  has  no  very  marked  or  important  action  in 
deglutition. 

The  mucous  membrane  of  the  pharynx, — aside  from  the 


irarious  glantls  situated  beneatli  it  and  in  its  Bubstance^  which 
have  already  been  de&cribed,^ — presents  some  peculiarities, 
which  are  interesting  more  &om  an  anatomical  than  a  phj&i- 
ological  point  of  view.  In  the  superior  portion,  which  forms  a 
culjoidal  cavit  J  just  behind  the  posterior  nares,  the  membranif 
is  darker  and  much  richer  in  blood-v^sek  than  in  other 
part*.  Its  surface  is  smooth  and  provided  with  cihated  ool- 
nmnar  epitheliunij  like  tliat  which  covers  the  membrane  of 
the  posterior  nares«  It  is  marked  by  a  deep  antero-posterior 
groove  in  the  median  line ;  and  on  either  &ide,  parallel  with 
the  median  line,  are  four  gmaller  grooves.  In  the  horizontal 
portions,  the  mucous  membrane  in  the  antral  groove  adheres 
to  the  periosteum  of  the  basilar  process,  particularly  at  it8 
posterior  extremity.  Laterally,  below  the  level  of  the  open- 
ing of  tlie  EuBtachian  tubes^  and  posteriorly j  at  the  point  where 
it  becomes  vertical,  tlie  mucous  membrane  abruptly  i^aoges 
its  character.  The  epitlieUal  covering  is  here  composed  of 
celk  of  tlie  pa%-anent-variety,  Biniilar  to  thode  which  cover 
the  mucous  membrane  of  the  cesophagus*  The  membrane  h 
also  paler,  and  is  less  rich  in  blood-vessels*  It  is  pri>videtl 
with  papiUfie,  some  of  which  are  simple  conical  elevations^  while 
oth«?rfi  are  split  into  from  two  to  six  conical  processee  with  a 
single  base*  These  papillse  are  rather  thinly  distributed  over 
the  whole  of  that  portion  of  the  mucous  surface  which  is  cov- 
ered %vith  pavement-epithelium. 

The  contractions  of  the  muscular  walls  of  the  pharynx 
force  the  alimentary  l>olue  into  the  oesophagus,  a  tube  pos- 
seeeed  of  thick  muscular  walls^  cxtendiug  to  the  g^tomneb. 
Tlie  CESophagus  is  about  nine  inches  in  lengtiK  It  is  cnt-lin- 
drical,  and  rather  constricted  at  its  superior  and  inferior  ex- 
tremities.  It  commences  in  the  median  line  behind  the 
lower  border  of  the  cricoid  cartilage  and  oppodto  the  fit>h 
cervical  vertebra.  At  first,  as  it  descends,  it  pasees  a  littio 
to  the  left  of  the  cervical  vertebrfie.  It  then  pass^  from  left 
to  right  from  the  fourth  or  fifth  to  the  ninth  dorsal  vertebra^ 
to  give  place  to  the  aort^    It  iinally  passes  a  little  to  tlio 
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loft  again,  and  from  behind  forward,  to  its  opening  into  the 
Btomach.  In  its  passage  through  the  diaphragm,  it  is  sur- 
roonded  by  muscular  fibres,  so  that  when  this  muscle  is  con- 
tracted in  inspiration,  its  action  has  a  tendency  to  close  the 
opening. 

The  coats  of  the  oesophagus  are  two  in  number,  unless 
we  include,  as  a  third  coat,  the  fibrous  tissue  which  attaches 
the  mucous  membrane  to  the  subjacent  muscular  tissue. 

The  external  coat  is  composed  of  an  external  longitudi- 
nal, and  an  internal  circular  or  transverse  layer  of  muscular 
fibres.  In  the  superior  portion,  the  longitudinal  fibres  are 
arranged  in  three  distinct  fasciculi :  one  in  front*,  which  passes 
downward  fix)m  the  posterior  surface  of  the  cricoid  cartilage ; 
and  one  on  either  side,  extending  from  the  inferior  constric- 
tors of  the  pharynx.  As  the  fibres  descend,  the  fasciculi 
become  less  distinct,  and  are  finally  blended  into  a  uniform 
layer.  The  circular  layer  is  somewhat  thinner  than  the  ex- 
ternal layer.  Its  fibres  are  transverse  near  the  superior  and 
inferior  extremities  of  the  tube,  and  are  somewhat  oblique  in 
the  intermediate  portion.  The  muscular  coat  is  fiom  jV  to 
y\  of  an  inch  in  thickness. 

In  the  upper  third  of  the  tube,  the  muscular  fibres  are  ex- 
clusively of  the  red  or  striated  variety,  with  some  anastomos- 
ing bundles ;  but  lower  down,  there  is  a  mixture  of  non-stri- 
ated fibres,  which  appear  first  in  the  circular  layer.  These 
latter  fibres  become  gradually  more  numerous,  until,  in  the 
lower  fourth,  they  largely  predominate.  A  few  striated 
fibres,  however,  are  found  as  low  down  as  the  diaphragm.' 

*  KdLLim,  6Umeni9  d'hUtoloffie  hnmaine^  Paris,  1868,  p.  612. 

Sappey  {TVaiiS  d^anaiomie  descriptive^  Paris,  1857,  tome  iii.,  p.  92)  makes 
the  extraordinary  statement  that  "  the  fleshy  layer  of  the  oesophaf^us  is  formed 
cxclusiTely  of  smooth  fibres."  He  says  that  it  is  very  easy  to  distinguish  the 
0true  of  the  red  fibres  with  a  magnifying  power  of  two  hundred  diameters ;  and 
that  these  are  never  observed  in  fibres  taken  from  any  part  of  the  cesophagus.  It 
is  remarkable  that,  at  the  present  day,  there  should  be  any  diflTerence  of  opinion 
oonoeming  a  question  so  easily  decided  as  that  of  the  constitution  of  the  muscu- 
lar  coat  of  the  CDSophagus.   Immediately  before  writing  this  paragraph,  we  had 
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Tlie  mttcotis  meinbrana  of  tlie  cesopliagns  is  attached  lo 
the  muscular  tissue  by  a  deme  fibrous  layer*  It  is  quite  rm* 
cular  and  reddkh  above,  but  becomea  gradually  jvaler  in 
the  inferior  portion.  The  rnucoDS  membrane  h  ordiiiftrily 
thrown  into  lougitudinal  foldg,  which  are  obliterated  when  ihe 
tube  is  distended,  It^  epithelium  thick,  of  the  pavement 
variety,  and  is  continuous  with,  and  gimilar  to  the  cover- 
ing of  the  lower  portion  of  the  pharynx.  It  is  provided  with 
papillae  of  the  same  structure  as  those  found  in  the  pharynx, 
rhe  conical  variety  predominating,  Numerous  small  race- 
mose glands  are  ftrntid  throughout  the  tube,  forming  by  their 
aggregation  at  the  lower  extremity,  just  before  it  opens  into 
the  stomach  J  a  glandular  ring. 

Me^'hamsm  of  Deglutition, — For  convenience  of  d^erip- 
tion,  physiologists  have  generally  divided  the  proeess  of  d^^ 
lutition  into  three  periods.  The  first  period  i^  occupied  by 
the  pBBsage  of  the  alimeutaTy  bolus  backward  to  the  istbniiig 
of  tlie  fauc^S-  This  may  appropriately  be  considered  as  a  di:^ 
tinct  period,  because  tlie  movements  are  efi"eeted  by  the  action 
of  muscles  entirely  xmder  the  control  of  the  with  The  second 
period  is  occupied  by  the  passage  of  the  food  from  die  isthmns 
of  tlie  faucesj  through  the  palate,  into  the  upper  part  of  the 
OBSophagus.  Tlie  third  period  is  occupied  by  the  pafigage  of 
the  food  through  the  oesophagus  into  the  stomach* 

In  the  first  period,  the  tongue  is  the  important  agent. 

i>ctiliLr  proof  of  tbe  inAccurajcj  of  tlif>  assertion  made  bj  Sapper.  Id  the  hnma 
cefopbaguj,  there  ie  a  inaDireat  difference  In  eobr  between  the  upper  and  lower  p©tv 
Hons.  Abore,  the  (^or  la  red ;  and  below,  it  beooiDei  paler  and  more  Mk^tbe  in- 
roluoUrx  nmsciibr  tusue.  A  apedmen  takeQ  frooi  anj  of  the  deep-ftd  poiilSofta 
iboiTi  the  htnx  of  the  red  muscultir  fihrei  with  a  |-  inch  objectiTe  aa  dit^oetlj 
cocdd  h«  de^red.  Fasding  down  the  tube,  smalt  bands  of  thia  red  tlanie  tarn 
leco^  whidi  likewise  present,  on  microscopic  exanitnAiioEif  tbo  atHaied  tooiCiiW 
fibre.  The^e  we  demonstrated  down  aa  far  as  the  dbpbra^ ;  though  in  th^ 
lower  portions,  the  unatnped  fibres  were  found  to  predominate,  (^pp^,  Oi 
the  iast  edition  of  bi9  work^  1874,  totae  ir.,  p.  14i,  adioits  tbe  ejusteiice  of 
itriAted  muscular  Cibr«a  in  tbe  upper  part  of  the  onopha^,) 
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After  mastication  lias  been  completedj  the  nioutli  is  elo&ed 
and  the  tongne,  collecting  witli  the  point  aitled  by  the  cheeks 
all  the  particles  of  food  into  a  siTigle  maiss,  becomes  slightly 
inemii&ed  in  width,  and  with  the  ahnjentary  bolus  beliind 
it,  h  pressed  from  beibre  backward  against  the  roof  of  tlie 
month,  Tlie  act  of  swallowing  is  always  perfoimed  with 
difficulty  when  the  moutli  is  not  completely  closed ;  for  the 
tongnej  from  k&  attaebments^  must,  follow,  to  a  certain  extent, 
the  movements  of  the  lower  jaw,  T!ie  first  part  of  the  first 
period  of  deglutition  is  thus  simple ;  but  when  tlie  food  has 
passed  beyond  the  hard  palate,  it  comes  in  contact  with  the 
hanging  velnm,  and  the  muscles  are  bronght  into  action 
which  render  tliis  menil>rane  tense,  and  oppose  it  in  a  cer- 
tain degree  to  the  backward  movement  of  the  base  of  the 
tongne.  Tliis  is  effected  by  the  action  of  the  terisor-palati 
and  the  palato-glossus.  The  moderate  tension  of  the  soft 
palate  admits  of  its  being  applied  to  the  smaller  morsels, 
while  the  opening  is  dilated  somewhat  forcibly  by  masses  of 
greater  size. 

It  is  easy  to  appreciate,  in  analyzing  the  first  period  of 
deglutition^  that  Hqtiids  and  the  softer  articles  of  food  are  as- 
sisted in  their  passage  to  the  isthmus  of  the  fauces  by  a  slight 
suction  furce.  This  is  effected  by  the  action  of  the  muscles  of 
the  tongue,  elevating  the  sides  and  depressing  the  centre  of  the 
dorsum,  while  the  soft  palate  is  accurately  applied  to  the  base. 

The  importance  of  the  movements  of  the  tongue  during 
the  first  period  of  deglutition  is  evidenced  by  experiments  on 
the  inferiar  animals,  and  by  cases  of  loss  of  this  organ  in  the 
human  subject.  In  the  experiments  of  Panizza,  which  have 
already  been  referred  to  in  ccmnection  with  mastication,  it 
was  found  that  pai'alysis  of  the  tongue,  by  section  of  the 
hypoglossal  nerves  in  dogs,  deprived  the  animals  of  the  power 
of  swallowing,  even  when  a  bolus  of  meat  or  bread  was  put 
upon  its  anterior  surface/   We  have  now  a  young  dog  nnder 

•  Pa5T1E4,  MiuvtUei  Itcdicrtket  Expirimfnk^  <wr  Ntrft^^Gat^e 
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observation,  in  which  both  hypoglossal  nen'es  have  been 
divided,  and  the  effect  upon  deglutition  is  very  marked.  The 
animal  eats  with  diflSculty,  the  pieces  of  meat  which  are 
given  him  frequently  dropping  from  the  moutlu  He  is  only 
able  to  swallow  by  jerking  the  head  suddenly  upward,  so  as 
to  throw  the  meat  past  the  base  of  the  tongue ;  and  even  when 
deglutition  commences,  the  first  steps  take  place  slowly  and 
with  apparent  difficulty.  The  process  of  drinking  is  very 
curious.  The  animal  makes  the  usual  noise  in  attempting 
to  drink,  but  the  tongue  does  not  come  out  of  the  mouth, 
and  the  only  way  he  seems  to  get  any  water  is  by  jerking 
the  head  and  moving  the  jaw  so  as  to  throw  some  of  the 
liquid  into  the  mouth.  When  he  attempts  to  drink  from  a 
basin,  the  water  is  spattered  in  every  direction.  lie  ap- 
pears to  get  more  from  a  tall,  narrow  vessel.  On  causing 
him  to  drink  from  a  graduated  glass,  it  was  found  that  he 
drank  four  fluid  ounces  in  four  minutes.  In  the  case  of 
a  young  girl,  reported  to  the  Academy  of  Science,  in  1718, 
by  De  Jussieu,  in  which  there  was  congenital  absence 
of  the  tongue,  deglutition  was  impossible  until  the  food  had 
been  pushed  with  the  finger  far  back  into  the  mouth.*  In 
eases  of  amputation  of  the  tongue,  a  sufficient  portion  of  its 
base  generally  remains  to  press  against  the  palate  and  eflTect 
deglutition. 

The  movements  in  the  first  period  of  deglutition  are  un- 
der the  control  of  the  will,  but  are  generally  involuntary. 
When  the  food  has  been  sufficiently  masticated,  it  requires 
an  eflbrt  to  prevent  the  act  of  swallowing.  In  this  respect 
the  movements  are  like  the  acts  of  respiration  ;  except  that 
the  unperative  necessity  of  air  in  the  system  must,  in  a  short 
time,  overcome  any  voluntary  effort  by  which  respiration  is 
arrested. 

'  De  Jussieu,  OUervation  mr  la  maniere  donl  une  FUle  miu  Lan^ut  9'aeqmi 
fonctioM  qui  cUpendctU  de  cct  organe. — Jlemoiret  de  VAcademie  Boyale  de$  Sei- 
enee$,  Paris,  1718,  p.  8. 
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The  second  period  of  deglutition  invoh  es  more  complex 
and  important  muscular  action  than  the  first.  By  a  rapid 
and  almost  convulsive  series  of  movements,  the  food  is  made 
to  pass  through  the  pharynx  into  the  oesophagus.  The 
movements  are  now  entirely  beyond  the  control  of  the  will, 
and  belong  to  the  kind  usually  called  reflex.  After  the  ali- 
mentary mass  has  passed  beyond  the  isthmus  of  the  fauces, 
it  is  easy  to  observe  a  sudden  and  peculiar  movement  of 
elevation  of  the  larynx  by  the  action  of  muscles  which 
usually  depress  the  lower  jaw,  but  which  are  now  acting 
from  this  bone  as  the  fixed  point.  The  muscles  which  produce 
this  movement  act  chiefly  upon  the  hyoid  bone.  They  are 
the  digastric  (particularly  the  anterior  belly),  the  mylo-hyoid, 
the  genio-hyoid,  the  stylo-hyoid,  and  some  of  tlie  fibres  of 
the  genio-glossus.  It  is  probable,  also,  that  the  thyro-hyoid 
acts  at  this  time  to  draw  the  larynx  toward  the  hyoid  bone. 
With  this  elevation  of  the  larynx,  there  is  necessarily  an  ele- 
vation of  the  anterior  and  inferior  portions  of  the  pharynx, 
which  are,  as  it  were,  slipped  under  the  alimentary  bolus  as 
it  is  held  by  the  constrictors  of  the  isthmus  of  the  fauces. 

Contraction  of  the  constrictor  muscles  of  the  pharynx 
takes  place  almost  simultaneously  with  the  movement  of 
elevation ;  and  the  superior  constrictor  is  so  situated  as  to 
grasp  the  morsel  of  food,  and  with  it  the  soft  palate.  The 
mechanism  of  this  act  was  first  fully  described  by  Gerdy.* 

According  to  this  description,  the  pharynx  closely  and 
suddenly  embraces  the  velum  with  the  base  of  the  tongue, 
entirely  obliterates  the  lower  part  of  its  cavity,  and  forces  the 
alimentary  bolus  to  pass  out.  It  is  easy  to  understand, 
then,  how  readily  the  food,  made  into  a  yielding  mass  by 
mastication  and  insalivation,  and  coated  with  slimy  mucus, 
can  be  made  to  pass  through  the  isthmus  of  the  fauces  over 
the  membrane,  which  is  covered  also  with  a  glairy  secretion. 
The  middle  and  inferior  constrictors — the  largest  and  most 

'  Gntmr,  JVot?  tur  let  monvtmenU  de  la  langue  et  quelques  mouvements  dn  Pha- 
wynx. — Bulletin  dn  JSeiemeet  Midieakt^  Paris,  1830,  tome  xx.,  p.  83. 
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powerful  of  tlie  muscles  of  the  pharynx — ^and  the  stylo- 
pharyngeus  contract  in  connection  with  the  superior  con- 
strictors. These  muscles,  the  constrictors  acting  from  the 
median  raphe,  assist  to  elevate  the  anterior  and  inferior  walls 
of  the  pharynx  and  pass  the  food  rapidly  into  the  upper  part 
of  the  oesophagus.  All  these  complex  movements  are  accom- 
plished with  great  rapidity,  and  the  larynx  and  pharynx  are 
then  immediately  returned  to  their  original  position. 

Protection  of  the  Posterior  Nares  during  the  Second 
Period  of  Deglutition. — ^When  the  act  of  deglutition  is  per- 
formed with  regularity,  no  portion  of  the  liquids  and  solids 
swallowed  ever  finds  its  way  into  the  air-passages.  The 
entrance  of  foreign  substances  into  the  posterior  nares  is  pre- 
vented in  part  by  the  action  of  the  superior  constrictors  of 
the  pharynx,  which,  as  we  have  seen,  embrace,  during  their 
contraction,  not  only  the  alimentary  mass,  but  the  velum 
pendulum  palati  itself ;  and  in  part,  also,  by  contraction  of 
the  muscles  which  form  the  posterior  pillars  of  the  soft 
palate. 

During  tlie  first  part  of  the  second  period  of  deglutition, 
the  soft  palate  is  slightly  raised,  being  pressed  upward  by 
the  morsel  of  food.  This  fact  has  been  observed  in  cases  in 
which  the  paits  have  been  exposed  by  surgical  operations,'  and 
was  demonstrated  by  M.  Debrou,  who  passed  a  tube  along 
the  fioor  of  the  nares  to  the  pharynx,  and  noted  a  sudden  de- 
pression of  the  end  projecting  from  the  nose  with  each  act 
of  swallo\Wng,  as  though  the  soft  palate  struck  suddenly 
ag«ainst  the  other  extremity.'  This  mechanism  has  also 
been  observed  in  the  human  subject  by  Bidder  and  Kobelt. 
In  this  case — a  young  man  who  had  lost  the  superior  maxil- 
lary bone,  as  well  as  the  zygoma — the  soft  palate  could  be 
observed  from  its  superior  surface ;  and  at  each  movement  of 

*  Berard  (op.  ri/.,  tome  ii.,  p.  25)  cites  a  case  of  this  kind  observed  by  Tli- 
-  Dkbsoc,  ThUn  de  VicoU  de  Mldecine  de  Parit,  1841,  No.  266,  p.  8. 
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deglalitlonj  the  .palate,  naturally  indi  tied  down^i-urd,  became 
more  horizontal,  and  the  posterior  wall  of  the  pharynx  came 
forward  to  meet  it.  The  same  luoremeiit  of  the  pharjTix 
wa&  observed  by  Kobelt  in  the  case  of  a  soldier  who  re- 
ceived a  severe  sabre-<?ut  in  the  neck.* 

While  the  ((mi  k  passing  the  pharrnx^  the  palato-phar jn- 
geal  niuBcles,  which  fonn  the  posterior  pillars  of  the  8<:*ft  palate, 
are  iu  a  state  of  contraction  by  which  the  e*lges  of  the  pillars 
are  nearlv  approximated,  formings  with  the  uvula  between 
them,  almost  a  complete  diaphragm  between  the  postero- 
fiuperior  and  the  anteroinferior  parte  of  the  pharynx.  Tlii^, 
with  the  application  of  the  posterior  wall  of  the  pharynx 
to  the  superior  face  of  the  iotl  palate,  completes  the  protec- 
tion of  the  posterior  openings  of  the  nasal  foss^.  The  fact 
that  the  posterior  piUara  are  thus  contracted  and  approad- 
tnated  during  deglutition  may  be  easily  verified  by  sim- 
ply watching  these  parts  with  a  mirror  dnritig  an  effort  at 
swallowing.  In  the  following  case,  observal  by  Berard,  it 
was  shown  that  the  muscnlnr  action  of  the  suit  palate  was 
Absolutely  necessary  to  the  protection  of  the  nares,  particu- 
larly in  swallowing  litpiidei:  A  young  lady  vrn.^  affec-ted 
with  complete  paralysis  of  the  velum,  which  allowed  liquids 
to  return  so  freely  by  the  nose  in  swallowing  that  she 
was  obliged  to  retire  from  observation  whenever  t?he  drank,' 

'  BicLARP}  IVftit^  Sihnentulr*  tie  Fh^slof^i  ffatnaifv,  Pnri^,  1850,  p.  ftO. 
■  Op.  HL,  p.  24. 

In  A  late  nrlicla  bj  M.  Mwira  otv  the  meehanisjm  of  dpglutiiion,  publisbed  in 
Ibe  Journal  tk  tAm§tm4t  d  tk  h  /%^'d&j-7tf,  there  are  some  mtere^tmg  oUser- 
^tl«»ii  upon  the  fanction  of  the  retutn  of  the  pakte  la  mati  and  iti  tb^  inferior 
animalit.  While  H.  Moura  fuUj  reco^Lze^  the  mechtuiism  hy  whkh  iho  velum 
dotes  the  posterior  ti&n^is,  in  mtkin,  asd  shows  that  adj  iaterft^i^tice  with  iu  fuuc- 
liOM  Beriou*};  dbturba  the  act  of  deglutition,  he  has  fouod  that  the  vchim  of  tbt? 
pnUte  could  be  entirely  removed  In  the  do^  wkhaut  any  ancfa  result ;  the  »ti\mn.] 
■oeotnplishlng  the  deglutition  of  toth  aolJ^l^  and  liqnidB  without  dilTiculty  and 
vitlunit  anv  return  of  tht^e  mnttcrs  by  the  nares.  This  he  explains  by  efrtain 
Importnnt  anatomical  dWerences  between  the  orgntii*  of  ilcghiLitiozi  in  man  and 
m  the  dojr,  (MorRA,  3fhnmt^  mr  rAd^de  la  DhfhiHtifjti,—,hmriml  th  ^'AHat^i- 
mit  fi  *fr  h  P}t^if4ofpfi,  Paris,  1807,  tome  ii^.»  p.  1«8, 


J^rotecthn  of  the  Opmmg  of  ike  Zar^fix^  atid  Use$  of 
the  Epifjlotiis  in  DeglutUwn^ — ^The  entrance  of  the  smallest 
qu&utitj  pf  solid  or  liquid  foreign  matter  into  tbe 
prfxtuees  violent  and  distrer&ing  cough.  This  accident  u 
not  infref|uent  occurrence,  especially  wheii  an  act  of  inspira- 
tion in  inadvertently  performed  wliile  solids  or  liquids*  are  in 
the  pharynx.  During  inspirationj  the  glottis  is  widely  opened, 
and  at  that  time  only  can  a  substance  of  any  considerable  sijse 
find  its  way  into  the  respiratory  passages*  RespiratioE  is  in- 
terruptedj  howDverj  daring  each  and  every  act  of  deglutition ; 
and  there  can,  therefore,  be  hardly  any  tendency  at  tliat  time 
to  the  entrance  of  foreign  substances  into  the  larynx.  During 
a  regular  act  of  swallowing,  notliing  can  find  its  way  into 
the  respiratory  passages^  so  complete  is  the  protection  of  the 
lurynx  during  the  period  when  the  food  passes  tliroitgh  the 
pharynx  into  the  cBsophagUf?, 

The  situation  of  the  epiglottis  has  naturally  led  physiolo' 
^sts  to  attiibute  to  it  great  importance  in  prerenting  the 
entrance  of  particles  of  food  and  liquids  into  the  laryu^L  It 
will  be  remembered  that  this  cartilaginous  leaf-Hke  proci;^ 
is  attached  to  the  anterior  portion  of  the  larynXj  and  i* 
usually  erect,  lying  against  the  base  of  tlie  tongue.  In  the 
movements  of  the  tongue  and  larynx  incident  to  deglutition^ 
the  epiglottis  is  necessarily  applied  to  the  superior  face  of 
the  larynx  so  as  to  close  the  opening.  Although^  during  d^— < 
latition,  the  glottis  is  covered  in  this  way,  it  is  neeeesaij  tcr3 
etndy  closely  all  the  conditions  which  are  involved,  and  aeoer^ 
tain  what  is  the  actual  value  of  each  oi'  the  various  meana  bi*5 
which  entrance  of  foreign  bodies  into  the  air-pas6«gea  i-i 
prevented ;  for  this  protection  is  accomplished  by  sererart 
distinct  proT^ions, 

It  is  evident  from  tlie  anatimiy  of  the  parti*  and  tl^rt 
necessary  resuhs  of  the  conti-actions  of  the  muscles  of  d^liiM 
tition,  that  while  the  food  is  passing  through  the  phar\Ti:^S 
the  larynx,  by  its  elevation,  parses  under  the  tongue  as  J| 
moves  backward,  and  the  soft  base  of  this  organ  is,  as  ^ 
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werej  moulded  over  tlie  glottis.  With  tlie  parts  removed  fi'om 
the  human  subject  or  from  one  of  the  inft^rior  animaU,  we 
can  imitate  the  natural  movements  of  the  tongue  and  larjnx, 
md  it  1=  evident  that  this  provtion  alone  must  he  sufficient 
to  protect  the  Ijiryux  from  the  entrance  of  Eohd  or  eemiiolid 
pajticles  of  food ;  particularly  when  we  remember  how  the 
iHmentary  particles  are  agghitinated  by  the  saliva,  and  how 
ea§T  their  piisisage  beooraefi  over  the  menibram  coated  mih 
^  [Jimy  mucus*  Experiments  on  the  inferior  animals  and 
Mbeen^ations  upon  the  human  Bubjeet  have  conclusively  set- 
tled the  question  that  the  deglutition  of  all  articles,  except 
Uqaids,  h  generally  effected  without  difflculty,  wlaen  the  epi- 
glattiE  has  been  removed  or  lo&t  by  accident  or  di^ca^e*  The 
same  is  true  when^  in  addition,  the  intrinsic  muscles  uf  the 
larynx  have  been  paralyzed  by  tlie  section  of  nerves,  or  even 
when  ch:>6iire  of  the  rima  glottidis  is  forcibly  prevented.  It 
hag  been  ehownj  however,  by  the  ex]:»eriments  of  Longet,  that 
when  the  krjTix  ia  in  part  prevented  from  perfonniug  ita 
roovement  of  asoangion,  the  deglutition  of  a  moist  luase  of 
ilinientary  matter  is  effected  with  difficulty  and  followed 
by  a  sharp  cougli ;  indicating  tlie  entrance  of  a  certain  quan- 
tity  of  foreign  matter  into  the  air-passages,* 

It  is  irapoBfiible  for  the  musclea  of  the  pharynx  to  con- 
tract without  drawing  together  the  sides  of  tlie  hirj*nx,  to 
which  they  are  attached,  and  assisting  to  close  the  glottis. 
At  the  same  time,  as  the  movements  of  respiration  are  ar- 
mted  during  deglutition,  the  lips  of  the  glottis  fall  t*> 
gether;  as  they  always  do  except  in  inspiration.  This  fact 
we  have  repeatedly  observed  in  demonstrating  the  respira* 
torj'  movements  of  the  glottis;  for  when  the  Jjirynx  h 
thus  exiKised,  the  animal  makes  frequent  etibrts  at  degluti- 
tion. In  addition  to  this  passive  and  inc4*ni]>Iete  approxi- 
mation of  the  vocal  chords,  it  has  repeatedly  been  observed 
that  the  lips  of  the  glottis  are  accurately  and  firmly  closed 
during  each  act  of  deglutition^    This  fact  was  first  actually 

'  LoiKOKT,  Trnili  df  ph^9ioli>ifif,  ParS^  180S^  Utme     p,  190. 
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:jbserved  by  ilagendie  m  dogs,  iti  hh  experimetiU  on  the 
uses  of  the  epiglottis  in  deglutition.*  Magendie  believed 
that  this  act  was  sufficient  to  protect  the  air-passages  from 
the  entrance  of  all  substancesj  liquid  as  well  as  solid*  The 
experiment  of  Longet,  cited  above^  shows  that  tliis  is  not  the 
case;  for  if  tlie  movements  of  ascentiion  of  the  larynx  be 
interfered  with,  liquids  and  moist  articles  are  liable  to  tind 
their  way  into  its  cavity.  The  coneloBioBS  arrived  at  by 
^VTagendie  concerning  the  importance  of  the  epiglottis  in 
deglutition  have  not  been  absolutely  verified  by  the  experi- 
ments  of  others,  nor  are  they  carried  out  by  observations  on 
the  human  subject;  for  when  this  part  is  entirely  absent^ 
liquids  are  liable  to  penetrate  tJie  larj'nx. 

The  experiments  of  Longet  with  regard  to  the  impor- 
tance of  the  closure  of  the  glottis  itself  in  deglutition  are 
very  interesting.*  This  ob&erver  divided,  first  of  all,  the  re- 
current laryngeal  neiT^es  and  the  branch  of  the  tiuperior 
laryngeal  going  to  the  crico-thyroid  muscle,  thus  paralyzing 
all  of  the  muscles  of  the  larynx.  Notwitlistanding  this, 
he  found  the  occlusion  of  the  glottis  complete  witJi  every 
act  of  deglutition^  and  demonstrated  that  this  was  due  to 
the  powertiil  contraction  of  the  inferior  constrictoi's  of  the 
pharynx,  drawing  together  the  sides  of  the  larynx.  In  two 
sheep  and  two  dogSj  after  having  removed  a  portion  of  the 
trachea,  he  kept  the  glottis  open  by  the  introduction  from  be- 
low of  a  dissecting  forceps,  and  found  that  notwithstanding 
the  impossibility  of  closing  the  glottis,  neither  solids  nor 
liquids  penetrated  the  trachea  in  Bwallomug.  These  ex- 
perimenlfl  show  coDclusively  that  although  the  glottLs  m 
accurately  closed  during  deglutitiouj  this  is  not  absolutely 

^  Maqini>I*,  Mhn&ire  sur  Ptaa^  de  tS'pi^oUe  dant  h  Z^JniiH&n^  Paris, 

*  LoxOET,  TtaU4  Ph\f9U^ogk^  Pari 3,  tSfiS,  tome  p.  125,  tud  Bftkmhm 
Bipfrtmetiiale^  mr  le*  Fanefhna  de  tSpifflotte  tt  mr  le^  A^mU     toectmim  ia 

^^iifcinf^  Paria,  1^4l|  Sine  S^rie,  tome  xL,  p.  417 
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necessary  to  the  protection  of  tlie  air-passages  from  the  en- 
trance of  solids  or  liquids. 

Longet  justly  attaches  great  importance  to  the  exquisite 
sensibility  of  the  top  of  the  larynx  in  preventing  the  entrance 
of  foreign  substances.  His  experiments  of  dividing  all  the 
nervous  filaments  distributed  to  the  intrinsic  muscles  show 
that  their  action  is  not  essential.  But  on  division  of 
the  superior  laryngeal,  the  nerve  which  gives  sensibility  to 
the  parts,  he  found  that  liquids  occasionally  passed  in  small 
quantity  into  the  trachea.  This  is  attributed  to  the  want 
of  sensibility  in  the  mucous  membrane  above  the  glottis: 
"  for  the  animal  is  not  aware  in  time  of  the  presence  of  liquid 
which  may  accidentally  get  into  the  supra-laryngeal  cavity, 
the  occlusion  of  the  glottis  is  sometimes  too  tardy  and  does 
not  take  place  until  after  the  passage  of  the  liquid ;  or,  again, 
the  animal,  instead  of  then  making  a  sudden  expiration, 
makes  an  unseasonable  inspiration  which  facilitates  the  in- 
troduction of  the  foreign  substance  into  the  air-passages,  and 
the  cough  does  not  take  place  until  this  is  already  in  contact 
with  the  tracheal  or  bronchial  mucous  membrane."  * 

These  experiments  beautifully  illustrate  the  conservative 

'  Op.  cit.j  tome  i.,  p.  127.  The  two  most  elaborate  and  interesting  articles 
on  the  occlufiion  of  the  glottie  in  deglutition  are  those  of  Magendie  and  Longet. 
The  memoir  of  Magendie  was  presented  to  the  first  class  of  the  Institute  of  France 
in  March,  1818.  It  contains  the  first  experiments  on  record  concerning  the  uses 
of  the  epiglottis  in  deglutition,  and  the  effects  of  its  removal  in  the  inferior  animals. 
The  very  elaborate  memoir  of  Longet  was  published  in  the  Archives  Genercdes, 
in  1841.  Magendie  showed  that  section  of  the  inferior  laryngeal  nerves,  para- 
Ivnng  all  the  muscles  of  the  larynx  except  the  arytenoid  and  crico-thyroid,  did 
»iot  interfere  with  deglutition,  even  in  the  case  of  liquids ;  while  after  section  of 
the  Boperior  laryngeals,  the  d^lutition  of  liquids  was  frequently  followed  by  con- 
^rulsive  congh.  From  this  he  concluded  that  the  muscles  animated  by  the  supe- 
lior  laryngeal  nerves  were  chiefly  concerned  in  protecting  the  glottis.  The  later 
mad  more  minute  experiments  of  Longet,  however,  proved  this  conclusion  to  bo 
•n  error.  He  showed  that  the  cough  occurred  after  the  deglutition  of  liquids, 
irhen  the  sensitive  filaments  of  the  superior  laryngeals  had  been  divided  leaving 
the  muscular  branches  intact ;  and  he  demonstrated  that  the  difficulty  lay  in  the 
Ion  of  sensibility  of  the  mucous  membrane,  and  not  in  paralysis  of  the  crico- 
thjToid  muscles. 
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funetfon  of  the  aeute  sengibUity  of  the  mucous  membrane  ^ 
above  the  glottis.  No  foreign  substunce  can  find  its  waj 
into  the  air-passages  by  simply  dropping  into  the  cavity  situ- 
ated above  the  vocal  eordfi  when  respiration  is  interrnpted^ 
but  can  only  enter  by  being  drawn  in  forcibly  and  suddenly 
with  an  act  of  inspiratioOj  when  the  glottis  is  widely  of 
It  is  now  well  known  to  the  practical  physician  that  direcfc^ 
applications  cannot  l>e  made  to  the  interior  of  the  larynx, 
unless  an  instrnment  be  suddenly  introduced  with  the  inspi- 
ratory act ;  and  at  this  time,  a  little  dexterity  will  enable  an 
operator  to  introduce  bodies  of  considerable  sixe  below  the 
vocal  cords. 


Fumdtmis  of  the  Epiglottis. — ^Before  the  experiments  of 
Magendie,  iu  1813,  phydologistia  were  generally  of  the  opin- 
ion, judging  from  anatomical  relations,  that  the  epiglottis 
bad  tlie  function  of  protecting  the  larynx  from  the  eti trance 
of  particles  of  food  during  the  second  period  of  degluiition. 
There  were,  however,  some  who  did  not  entirely  adopt  thifj 
view*    Pinel  and  Percy,  the  reporters  of  a  commission  from' 
the  In&titnte  to  examine  the  raemoir  of  Magendie,  mention 
the  fact  that  Guglielmini  and  Targioni  had  already  noted,  in 
cases  of  persons  in  whom  the  epiglottis  was  entirely  abrpcnt, 
that  no  inconvenience  was  experienced  during  deglutition/ 
Magendie  extirpated  the  entire  epiglottis  in  dogs^  and  fi>undi 
that  the  animals  swallowed  liquids  and  iolida  without  diffi-^ 
culty,  the  act  being  very  seldom  followed  by  eongb,  Tb©  ob- 
servations on  deglutition  were  made  an  hour  after  the  remo- 
val of  the  epiglottis.    In  other  animals  the  superior  anil 
inferior  laryngeal  nerves  were  divided,  thus  paralysfing  the 
muscles  of  the  glottis  ;  when  the  deglutition  of  liquids  espe- 
cially became  difficult,  and  was  followed  generally  by  cough*. 
As  the  result  of  these  obser%^ationB,  Magendie  came  to  difl 
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conclusion,  ujs  we  have  already  notedj  tliat  the  laryux  U  pro- 
tudal  during  deglutition  by  closure  of  the  glottis  it^lf, 

Althougli  these  eKperimentii  on  uaimak  were  appiirently 
coaclti&ive,  the  reporters  of  the  Institute  quoted  ob^ervationa 
of  Mercklin  and  Bonnet  on  the  human  subject,  in  which, 
after  the  destruction  of  the  epiglottis  by  disease,  there  existed 
I^ersisteut  difficulty  in  swallowing  liquids.  In  tliese  caeee, 
however,  the  reporters  attribute  the  difficulty  rather  to  "  pa* 
tiologieal  alterations  of  the  true  organs  of  deglutition  than 
to  destraction  of  the  epiglottis,  which  could  not  be  affected 
without  in\^>lving  changes  unfavorable  to  their  action/*' 
As  numerous  pathological  observations  of  this  character  have 
beea  reported^  the  question  could  notice  regarded  a-^  entirely 
eettfed  by  the  researches  of  Xlagendie.  It  was  with  the  view 
of detenaining  this  more  rigorously,  that  farther  experimenta 
were  instituted  in  1841  hj  Longet/ 

In  investig^tting  this  question,  Longet  removed  the  epi* 
glottis  from  six  dogs,  lie  found  that  in  the  animals  kept 
aatil  the  parts  were  perfectly  cicatrized,  more  or  less  cough 
followed  the  deglutition  of  liquids.  One  of  these  he  kept  for 
montlis,  and  tbund  that  when  he  drank  mUk  or  water 
coiigh  never  failed  to  follow.  The  same  fact  was  noted  in 
thfue  of  the  animals  that  were  killed  on  the  nineteenth  day, 
ittd  in  one  that  was  killed  on  the  thirtieth  day>  In  all,  the 
ccimplete  excision  of  tlie  epiglottis  was  verified  by  post-mor- 
tem examination*  In  om  of  the  atiimal>,  killed  two  days 
•Aer  the  operation,  that  generally  swallowed  liquids  without 
oooghing,  there  was  found  a  swelling  at  the  base  of  the 
tongue  which  projected  over  the  larynx/ 

It  is  e\ndent  from  these  experiments  that  the  observations 
Magendie  were  not  sufficiently  extended,  as  he  does  not 

'  Op.  ciL 

dgtnk  dt     GhH^  dann  la  BhrtHtitim^  k  Vominemctii  €t  la  Rufmt^^, 

Mm.^Arehhm  Oht^raJet,  V^n^,  1841,  3mo  S^ri*,  torn©  xiL,  p,  418  «f  ire^.,  oad 
'  "     rh^loloffi^t  Parbi,  186S,  tome  I,  p,  1^2. 
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report  that  they  were  continued  after  sufflcient  time  had 
elapsed  for  the  parts  to  cicatrize^  At  all  ereiita,  it  is  neoas- 
sarjj  in  this  instance,  to  confirm  the  results  of  experiments 
OE  animaU  by  observations  on  the  human  subject. 

Several  casea  of  loss  of  the  epiglottis  in  the  human  sub- 
ject are  quoted  by  Longet  in  support  of  his  view  that  thifi 
part  19  necessary  to  the  complete  protection  of  the  air-pa:^ 
sageSj  particularly  iu  the  deglutition  of  Hquids.  Two  of  the 
most  striking  of  these  caeea  were  observed  by  Larrey  in 
Egypt*  One  of  these  was  the  case  of  General  Murat,  who 
was  wounded  by  a  ball  passing  through  the  neck  from  one 
angle  of  the  jaw  to  the  other,  cutting  oif  the  epiglottis,  which 
was  expelled  by  the  mouth.  In  tins  instance,  the  difficulty 
in  the  deglutition  of  liquids  was  m  great,  that  it  became 
necessary  to  introduce  them  through  a  tube  passed  into  the 
CBsophagns.  In  the  other  case,  the  epiglottis  was  likewise  en- 
tirely removed  by  a  wound  and  was  preserved  and  presented  to 
the  surgeon.  In  this  instance,  the  difficulty  in  the  deglutition 
of  liquids  was  even  greater  than  in  the  former;  each  effort  at 
swallowing  being  foUowo<l  by  convulaivo  and  sufE>cating 
cough.  This  difficulty  persisted  after  the  parts  had  become 
completely  cicatrized.  In  these  cases  it  is  possible  that 
the  injuiy  to  muscles  and  other  parts  from  such  severe 
wounds  might  interfere  with  the  movements  of  the  lar» 
ynx  or  the  closure  of  the  glottis,  and  thus  disturb  deg- 
lutition. In  a  case  in  which  the  epiglottis  had  entirely 
sloughed  away  as  a  consequence  of  sj^ihilitic  disease, 
which  has  already  been  referred  to  in  the  previous  vol- 
ume/ the  difficulty  in  swallowing  liqnidSj  though  sutH- 
ciently  well  marked,  was  by  no  means  as  great  m  in  the 
eases  mentioned  above.  The  difficulty  in  swallowing  was 
noted  as  not  greatj  but  the  patient  swallowed  liquids  more 
easily  than  solids.  The  difficulty  consisted  of  cough  and  loss 
of  breath,  as  the  patient  described  it.  It  was  less  when  arti- 
cles were  swallowed  while  the  patient  was  in  the  reeuiubent 

1  Bee  ToL  L,  p.  860, 
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posture,  and  food  and  drink  were  habitually  taken  in  that 
position.  At  the  time  that  this  patient,  a  female,  was  in  the 
BeULevue  Hospital,  under  the  observatiou  of  Dr.  Flint,  the 
deglutition  was  improving.  Dr.  Flint  noted  that  after  slie 
lia<i  been  in  the  hospital  a  few  days,  on  causing  her  to  swal- 
lo'v^  in  his  presence,  the  act  of  deglutition  was  performed 
'^itt  a  certain  deliberation  but  without  difficulty.  An  exam- 
ination  of  the  parts  with  the  laryngoscope  was  made  by  Dr. 
Cliruch,  in  the  presence  of  Dr.  Flint  and  Dr.  Dalton  :  "  The 
al>s.ence  of  the  epiglottis  was  determined  by  sight.  The 
v'oc^  cords  were  distinctly  seen.  The  little  excrescences 
dosoribed  as  apparent  to  the  touch  were  visible."  * 

-In  the  case  just  described,  there  was  not  a  constant  and 
^^nsiderable  difficulty  in  deglutition ;  but  it  is  stated  that 
^tBculty  had  existed,  undoubtedly  from  the  passage  of  arti- 
cles into  the  larynx;  and  when  no  such  accident  took  place 
tl^o  act  was  performed  with  a  "  certain  deliberation."    It  is  a 
^^^'ious  fact,  also,  that  when  the  difficulty  in  swallowing  was 
^^^fisiderable,  deglutition  was  accomplished  most  easily  in  the 
^^^ovimbent  posture,  in  which  the  tendency  of  particles  of 
^^^^^c3  to  pass,  into  the  larynx  must  have  been  much  lessened. 
IVhile,  with  attention  on  the  part  of  the  subject,  the  lar- 
may  frequently,  and  perhaps  generally,  be  protected 
^^^xn  the  entrance  of  foreign  substances  during  deglutition 
^*^^r  loss  of  the  epiglottis  when  other  parts  are  not  affected, 
^         udy  of  the  numerous  cases  of  this  lesion  as  the  result  of 
.  ^^^ase  or  injury  shows  that  the  epiglottis  is  by  no  means  so 
^^^"fiScient  in  the  protection  of  the  larynx  as  was  supposed  by 
"^^^-^endie.    Still  it  is  but  one  of  the  means  which  have  been 
^^^^ Tided  for  this  end. 

Since  the  air-passages  have  been  so  fully  explored  by 
^^^^ins  of  the  laryngoscope,  this  instrument  has  been  used  to 
^  ^^rtain  extent  in  the  study  of  the  phenomena  of  deglutition. 

^  The  points  in  the  history  of  this  case  bearing  on  the  functions  of  the  epi- 
^J^'^^s  in  deglutition  were  taken  from  the  hospital  records  of  Dr.  Flint,  by  whom 
were  personally  noted. 
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In  Julj,  1865,  a  note  was  presented  to  the  French  Academy 
of  Sciences,  giving  the  results  of  experinients  by  Dn  Kridiar 
ber  on  the  ]ueehanit?m  of  deglutition  as  studied  by  autolaryn* 
goscopy,  followed  by  a  note  on  the  &ame  subject  by  if »  H, 
Guiuier.'  Dr.  Kri^^liaberj  as  the  result  of  bis  observatiorid, 
gives  the  following  coaclusiona  : 

"  Itit.  lu  the  act  of  deglutition  the  alimentary  bolus  pajsses 
in  one  of  tlie  pbarynge;\l  grooves,  over  one  of  tlie  sid^  of  the 
epiglottis  tilted  by  the  elevation  of  the  larynx ;  the  bolus 
til  us  arrives  at  the  oesophagus  at  the  moment  when^  by  the 
contraction  of  the  constrictor  mnscles,  the  pharynx  is  short* 
ened  and  brought  in  front  of  the  mass. 

2d-  The  deglutition  of  liquids  is  effected  in  the  same 
manner ;  these  passing,  however^  quite  frequently  upon  the 
epiglottis  itself,  which  happens  very  rarely  with  solid  ali- 
ments. 

3d.  A  quantity — extremely  small,  it  is  true— of  liquid 
engages  itself  during  normal  deglutition  around  the  border 
of  the  epiglottis,  and  moistens  the  mucous  membrane  of  the 
laiynx  and  even  of  the  vocal  cords, 

"4th.  In  gargling,  the  larjTix  being  widely  opened,  a 
larger  quantity  tinds  its  way  into  the  vocal  organ. 

"  5th>  An  alimentary  bolus  may  be  easily  tolerated  in 
the  respiratory  passages ;  that  is  to  say>  in  the  larynx,  as  far 
as  the  vocal  cords,  and  even  in  the  interior  of  the  ti^chea. 

"  Gth»  The  sensibility  of  the  trachea  to  the  impression  of 
foreign  bodies  is  infinitely  less  than  that  of  the  larynx, 

"  7th*  Hard  and  cold  bodies,  as,  for  example^  a  sound,  are 
not  tolerated  in  the  respiratory  passages ;  while  any  soft  body, 
which  can  adhere  to  the  mucous  membrane  and  has  a  tem- 
perature like  that  of  the  parts  touched,  is  easily  tolerated  in 
the  respiratory  passages  and  kept  in  the  trachea  many 
minutes  without  producing  the  slightest  cough." 

These  observations  confirm  the  views  of  Longet  and 
otlicrs  concerning  the  passage   of  alimentary  substancee 

*  aatittv  Mhik(d4  d$  Farft,  15  juiUet,  1865,  p.  435^ 
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down  the  pharynx  by  the  sides  of  the  epiglottis ;  and  in  that 
ca^j  liquids  would  almost  certainly  pass  around  the  borders 
in  quantity  sufficient  to  iiioisten  the  mucous  membrane  be- 
low. It  must  be  reraembei-edj  howeverj  that  the  Bensibilitj 
iif  the  air-paseages  is  very  unequal  iu  different  per&ons^  and 
that  it  may  be  considerably  modified  by  education  of  the 
parts,  Thi^  should  make  ua  hesitate  to  accept  the  view 
that,  in  garglingj  the  larynx  receives  a  quantity  of  li- 
i|uid^  and  tliat  an  alimentary  bolus  may  be  tolerated  in  the 
trachea  for  many  minutes  without  coughing.  Though  this 
iiiay  be  true  in  the  person  of  Dr.  Krishaber,  common  experi- 
enee  shows  that  it  is  not  generally  the  eaae/ 

To  &um  up  tlie  mechanism  by  which  the  opening  of  the 
larj-nx  is  protected  during  the  deglutition  of  fiolids  and 
liquids,  we  have  only  to  carefully  follow  the  articles  as  they 
pass  over  the  inclined  plane  formed  by  the  back  of  the 
tongue  and  the  anterior  and  interior  part  of  the  plnuynx. 
As  the  food  is  making  this  passage  in  obedience  to  the  con- 
traction of  the  muscles  which  carry  the  tongue  backward,  draw 
lip  the  larynx,  and  constrict  the  pharj'ns,  the  soft  base  of  the 
titngue  and  the  upper  part  of  tlie  larynx  are  applied  to  each 
uther,  with  the  epiglottis,  which  is  now  inclined  backward, 
Ijetween  them ;  at  the  same  time^  the  glottis  is  closed,  in  part 
by  the  action  of  the  constrictor  muscles  attached  to  the  sides 
of  the  thjToid  cartilages,  and  in  part  by  the  action  of  ita  in- 
trinsic muscles.    If  the  food  be  tolerably  consistent  and 

'  The  note  of  M.  H,  Gu'mkr  tnetitio&s  exp^rimetita  on  d^littitioti  obserr^d  hj 
aiitolat  jTsgoscopy  in  whieh|  by  performiog  the  .ict  of  swallowing  »Jowly  aod  unpei^ 
Wth,  lo  fts  not  ici  close  the?  pharynx^  ht!  Wii^  able  to  exliibit  tlie  phimotaena  Co  i 
nitmher  of  persona.  He  ahowed  thpt  the  action  of  the  epiglottis  vm  not  abso* 
htclj  Qecessnry  to  protect  tbe  Iaijdx  durinf^  the  pAssogc  of  ibe  allmenUu^  hoha 
fnm  the  pharynx  to  the  oeaopUagui,  aod  that  tlio  passage*  could  be  protected  by 
nlmplt  cVoture  of  the  toc&I  cords ;  and  that  In  ^argbtig,  the  space  aljove  the  superior 
f  >x>al  cordH  wa«  filled  and  the  liquid  agitata  by  the  iiir  m  it  was  allotted  to  pa^r^ 
flovlj  from  the  glottis.  As  regards  the  function  of  the  epiglottis^  it  must  be 
mmliered  that  m  the»e  eiptfttnacnta,  deglaLllion  was  not  and  could  not  be  nor- 
ml.   Tbe  obuert  atioTiii  on  gurgUogi  howcTcr,  seem  very  satJ^fiictor}^ 


nnited  iHto  a  single  holm,  it  slips  easily  frojn  the  back  of  tie 
tongue  alDng  the  membrane  covering  tlie  anterior  and  infe- 
rior ptirt  of  the  pharynx ;  bnt  if  it  lie  liquid  or  of  Little  eonsisi- 
•ence^  a  portion  takes  this  coursej  but  another  poition  passes 
o%*er  the  epiglottis^  behig  direeteJ  by  it  into  tlie  two  grooTee 
or  glitters  by  the  mie  of  the  larynx. 

It  is  by  the^  nieaoSj  ttrgether  with  those  by  which 
posterior  nares  are  protected^  that  all  solids  and  Uquida 
directed  to  the  oe^phagus,  and  the  second  period  of  degluti- 
tion is  safely  aceoniplidied. 

The  fliird  period  of  deglutition  is  the  most  simple  of  all 
It  involves  merely  contractions  of  the  muscular  walls  of  the 
cesophagusj  by  which  the  food  is  forced  into  the  stomach. 
The  longitudinal  fibres  shorten  the  tube  and  slip  the  mucom 
memlirane,  lubricated  by  it^  glairy  secretion,  above  th» 
bolus ;  while  the  circular  fibres — by  a  progr^ive  peristaltic 
contraction  from  above  downward — strip  the  foody  m  it  were^ 
into  the  stomadx    Tliis  sliortening  of  the  tnbe  well- 
illustrated  in  an  observation  on  a  female  snftering  under 
gastric  fiiitula,  by  Halle;  who  note<:l  a  protrusion  of  the  mu — 

cous  membrane — which  naturally  undergoes  no  sljortening  

into  the  stomach  with  each  act  of  deglutition.*    The  passage 
of  food  down  the  oesophagus  was  for  the  first  time  closelj^ 
studied  by  Magendle ;  who  noted,  in  this  connection,  nmnj^ 
curious  and  important  facts-    In  numerous  experiments  oim 
the  lower  animals,  he  observed  that  while  the  peristaitic? 
eontraetions  of  the  upper  two-thirds  of  the  tube  were  tmm^— 
diately  followed  by  a  relaxation  which  continued  till  tho 
next  act  of  deglutition^  the  lower  third  remained  coutractefi 
generally  for  about  thirty  seconds  after  the  passage  of  the 
food  into  the  stomach.    During  its  contraction,  this  part  of 
tlie  oesophagus  was  hard,  like  a  cord  firmly  stretch ei  Thii 
wtuA  followed  by  relaxation ;  and  this  alternate  contrnctioa 
and  relaxation  continued  constantly,  even  when  the  stomach 

^  MaoE^DIIj  iV/of  £icmtnfaire  de  Fht/tiolnffU,  Pirifl|  iSSi,  tome      (i.  00. 
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was  empty;  though  during  digestioE,  the  contractions  were 
frequent  in  proportion  to  the  quantity  of  food  in  the 
gtomach.  The  contraction  was  always  increased  by  pres.^ 
iiig  the  stomach  and  attempting  to  pass  some  of  its  contents 
into  the  oesophagus/  This  provision  ia  undoubtedly  im- 
portant in  prcTenting  regurgitation  of  the  contents  of  the 
stomach,  especially  when  the  organ  is  exposed  to  pressure^ 
in  urination  or  defecation,  We  have  already  noted  the 
action  of  the  crura  of  the  diaphragm,  which  have  a  tendency 
to  close  the  tesophageal  opening  during  inspiration-' 

The  length  of  time  occupied  in  the  third  period  of  deglu- 
tition was  noted  by  Magendie  in  the  inferior  anirnak,  hut  we 

have  been  imable  to  find  any  definite  observations  on  this 

*i 

point  in  the  human  Buhject;  though  this  would  have  been 
easy  in  the  cas^  of  gastric  fistula  which,  from  time  to  time, 
have  come  under  the  observation  of  phydologists,  Magendie 
found  that  the  alimentary  bolus  sometim*^  occupied  two  or 
three  minntes  in  its  passage,  and  that  it  was  often  momenta- 
rily arrested  in  its  eonrse.  It  frequently  seems  as  though  we 
were  ourselves  conscious  of  a  very  slow  passage  of  food  down 
the  cesophagusj  and  not  infrequently  a  piece  of  bread  or  a 
mouthful  of  liquid  is  taken  to  hasten  it ;  but  it  is  not  prob- 
able that  every  alimentary  bolus  remains  for  two  or  three 
minutes  in  the  oesophagus,  and  liquids  undoubtedly  am 
swallowed  with  considerable  rapidity,  as  they  can  soon  be 
recognized  in  the  stomach  by  their  temperature.  As  tlie 
lower  part  of  the  oesophagns  is  composed  chiefly  of  un- 
striped  muscular  fibres,  it  is  probable  that  here  the  contrac- 
tions are  more  gradual  than  in  the  upper  portions. 

As  we  have  already  had  occasion  to  remark,  the  muscular 
movements  which  take  ]>lace  during  all  the  periods  of  deglu- 
tition are  peculiar.  The  first  act  is  generally  involuntary  from 

'  If  AQSicpiz,  MiniGire  mtr  t(Eitoph^ffe^  lu  d  Vlns^t  I^u^  le  11  octo 
*  Se«  tdI,  L,  Besplmiton,  p.  370. 
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inatteotioD,  but  is  under  the  control  of  the  will.  The  second 
act  h  in  voluntary  J  when  once  commeiicedj  but  in  ay  be  ex- 
cited by  the  Toluntarj  pad&age  of  solids  or  liquids  beyond 
the  velum  pendulum  palati.  It  h  inipo^ible  to  perlbrm  the 
tiecond  act  of  deglutition  unless  there  be  some  article,  either 
eolid  or  liquid,  in  the  pharynx.  It  ia  easy  to  make  three  or 
four  succefisful  eifort^  consecutively,  in  which  there  is  elera- 
tion  of  the  larynx  with  all  the  other  characteristic  movements; 
but  a  little  attention  will  show  that  with  each  act  a  &mal] 
quantity  of  saliva  is  swallowed.  When  the  etibrta  have  been 
trec[Uently  repeated,  the  raoveineiit^  become  impossible  until 
time  enough  has  elapsed  between  thera  for  the  saliva  to  col- 
lect. This  fact  was  personally  verifietl  before  writing  this 
paragraph ;  and  it  was  demonstrated  to  be  due  to  the  ab- 
sence of  liquid ;  for  immediately  after,  an  ounce  of  water 
was  swallowed  without  difficnlty  by  sixteen  siice^i  ve  move- 
ment's of  deglutition.  This  experiment  also  shows  the  small 
quantity  of  liquid  (only  half  a  di'achm)  necesaary  to  excite 
the  contraction  of  the  muscle  concerned  In  the  second  act. 

All  the  movements  of  deglutition ,  except  those  of  the  first 
period,  mnst  be  regarded  as  essentially  reflex;  i-e.,  depemling 
ni>on  an  impression  made  upon  the  afferent  nerves  distrib- 
uted to  the  mncone  membrane  of  the  pharynx  and  oesopha- 
gus/ 

The  position  of  the  body  has  little  to  do  with  the  facility 
with  which  deglutition  is  effected.  Liquids  or  solids  may  be 
swallowed  indifferently  in  all  postures,  Borard  states  that  a 
juggler,  in  his  presencCj  passed  an  entire  bottle  of  wine  from 
the  mouth  to  the  stomach,  while  standing  on  his  bead/  The 
Barae  feat  we  ha%'e  lately  seen  accomplished  with  apparent 
ease,  by  a  juggler  who  drank  three  glasses  of  ale,  while 
standing  on  his  hands  in  the  inverted  posture, 

^  The  study  of  the  connection  o£  deglutition  wilfa  the  nerroav  tjtteoi  It 
ferred  tmtU  we  ootue  to  treat  ^peci&lly  ,  in  anotticr  Tolumo,  the  fiuMMioitt  4lf 
aerrea. 

'  Bift^D,  €Wrt  de  FktfMti^tj  Pftrts^  1849,  ume  it*,  pv  S3. 
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Deglutition  of  Ah\ — In  the  celebrated  essay  of  Magen- 
die  on  the  nieclianiBTu  of  vomiting,  it  is  stated  that  as  soon  m 
afiuBea  coiniiieneed  the  stoiiiafh  bugan  to  fill  with  air,  bo  tliat 
before  vomiting  occtirred,  the  organ  became  tripled  In  eize. 
Magendie  showedj  farthermorOj  that  the  air  entered  the 
stomach  bj  the  oeaopltagus,  for  the  distcmion  oecurred  wlien 
the  pylorus  was  ligated.*  In  a  &ubseqneiit  memoir,  the  quoi- 
tion  uf  tlie  deglutition  of  aii*,  aside  from  the  small  quantity 
which  19  incorporated  with  the  food  during  mastication  and 
insalivation,  was  fai1:her  investigated/  It  wm  found  that 
^lue  pergKins  had  the  faculty  of  swallowhig  air,  andj  by 
liracticej  Magendie  himself  was  able  to  acquire  it,  though  it 
occasioned  sucli  dbtress  that  it  waa  dit^continned.  Out  of  a 
htmdred  students  of  medieinej  eight  or  ten  were  found  able 
ro  swallow  air. 

It  18  not  very  uncommon  to  find  persons  who  have  grad- 
ually acquired  this  habit  in  order  to  relieve  uncomfortable 
sensations  in  tlie  stomach;  and  when  confirmed,  it  occasiouj^ 
per^teut  disorder  in  the  process  of  digestion.  Quite  a  num- 
ber of  cases  of  this  kind  are  reported  by  MagendiCj  and  in 
several  it  wa^  carried  to  such  an  extent  as  to  produce  great 
distension  of  the  abdomen,  A  curious  case  of  habitual  air- 
8wallowing  is  reported  by  Dr,  Flint  in  his  recent  work  on 
the  Practice  of  Medicine,' 

Although  the  subject  of  air-»walIowing  properly  belongs 
to  pathologVj  the  fact  that  the  muscles  of  deglutition  are  ca- 
pahle,  in  some  indi\^duals,  of  tbrcing  air  into  the  stomachy  m 
not  without  physiological  interest, 

*  Mi^JK^OrE,  jtfeJno*rf  tur  It  Vi^rmmmnmi,  Fjirb,  1818,  p.  13  rf  In  Ibit 
metaair      the  c^^ophtiguB,  an  experiment  ia  di>9^cr»beti  m  wbtdi  a  Hgatnre 
applied  to  this  caml  near  tht*  diaphmgm,  and  it  wiia  fonnd  tfa^t  "the  air^ 
whiuh  (luriiig  the  nauswi  tries  to  pnssi  into  the  stt>a\icli,  b  arrested  bv  the  Ug»- 
tmw  mtd  dbteDtb  the  ccaophagiis."    (0/j,  tit.^  p.  ItJ.) 

*  MACEJTDrr^  M^moirt  aur  ta  Deghiiiilon  de  VAir  Airn'Mi^Kerique^  /»  d  T/ri- 
ttitji.lt  ^5  octJ^re,  1813, 

'  Funer,  A  TrtattM  m  Ha  Principles       Pnu^Um  t>f  Meiid^^  Phikdelpbin, 

\m,  p, 

46 


CHAPTER  Vm. 


BTOMACII-DIGESTIOX — GASTRIC  JUICE, 

Physiological  anatomy  of  the  stomach — ^Peritoneal  coat — ^Muscular  coat — ^Mucooi 
coat — Glandular  apparatus  in  the  stomach — Gastric  tubules — ^Mucous  foUideflk 
— Closed  follicles — Gastric  juice — Mode  of  obtaining  the  gastric  juice— Ga* — 
trie  fistula  in  the  human  subject — Secretion  of  the  gastric  juice — Secretion  iim 
different  parts  of  the  stomach — Quantity  of  gastric  juice — Composition  o£~ 
the  gastric  juice — Organic  principles  of  the  gastric  juice — Source  of  the  ad<L.  — > 
ity  of  the  gastric  juice — Ordinary  saline  constituents  of  the  gastric  juice. 

Physiological  Anatomy  of  the  Stomach. 

The  most  dilated  portion  of  the  alimentary  canal,  in  mai^^.  , 
is  tlie  stomach.  It  serves  the  double  pm^ose  of  a  receptacl 
for  the  food  and  an  organ  in  which  certain  important  dig 
tive  processes  take  place.    It  is  situated  in  the  upper  pa3 
of  the  abdominal  cavity,  and  is  held  in  place  by  folds  of  tl 
peritoneum  and  by  tlie  oesophagus.    Its  form  is  not  easil 
described.    It  has  been  compared  to  a  bagpipe,  which 
resembles  somewhat,  when  moderately  distended.  As 
should  naturally  suppose,  from  the  fact  that  the  stoma- 
periodically  receives  considerable  quantities  of  solids  a3 
liquids,  its  form  and  position  are  subject  to  great  variatioM    ■  -  • 
When  empty,  it  is  flattened,  and  in  many  parts  its  oppos  ^» 
walls  are  in  contact.  "When  moderately  distended,  its  len^'^^'^ 
is  from  thirteen  to  fitleen  inches,  its  widest  diameter  abc^'*^^* 
tive  inches,  and  its  capacity  one  hundred  and  seventy-ff  "^^^ 
cubic  inches,  or  about  five  pints.'    The  parts  usually  not^^ 

'  Bristox,  Cydopcsdia  of  Anaiomxj  and  Phytiologyy  London,  1859,  Sapp'^^' 
mcnt,  p.  308.  J 
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m  aaatomiciil  descriptions  are  :  a  greater  and  a  le^r  cur- 
vatare^  a  greater  and  a  lesser  pouch;  a  cardiaCj  or  ce^pha- 
geal  opening;  and  a  pyloric  impelling,  which  leads  to  the 
intefitinal  eanai  The  great  pouch  ia  sometimes  calletl  the 
iTindus. 

The  coats  of  the  stomach  are  three  in  number :  the  peri- 
toneal, muscular^  and  mucous.  By  some,  the  fibrous  tissue 
T^rhieli  unites  the  uincous  to  the  muscular  coat  u  reganled 

a  distinct  covering,  aod  is  called  the  fibrous  coat, 

Petitmeal  Coat — Thip  is  simply  a  process  of  the  perito- 
neum, similar  in  structure  to  the  Tuerabrane  Tvhich  covets  the 
other  abdominal  viscera.  It  is  a  reflection  of  tiie  membrane 
TFhich  lines  the  general  abdomin^d  cavitv,  which,  on  the 
Tisceraj  is  somewhat  thinner  than  it  is  on  the  walls  of  the 
caTity,  Over  tlie  stomach,  the  peritoneum  is  from  to  xi? 
of  an  inch  in  thickness.  It  belongs  to  the  class  uf  serous 
membranes^  and  consists  of  fibre^i  of  the  white  inelastic  tissue, 
mingled  with  a  considerable  number  of  ela8tic  fibres.  It  is 
cloeelj  adherent  to  the  subjacent  muscular  coat,  and  is  not 
i-ery  abundantly  supplied  with  blood-vessels  and  nerves. 
Lymphatics  have  only  been  demonstrated  in  the  subserous 
etmcture.  The  surface  of  the  peritoneum  \a  everywhere 
covered  with  regularly -polygonal  flattened  cells  of  pavement 
or  tesscUated  epithelium,  closely  adherent  to  each  otlier,  and 
presenting  a  perfectly  smooth  surface  which  is  continually 
moistened  with  a  small  quantity  of  watery  secretion.  An 
important  function  of  this  raenibrane  is  to  present  a  smooth 
surface  covering  tlie  abdominal  parietes  and  viscera,  so  as 
to  allow  of  free  movements  of  the  \iseera  over  each  other  and 
against  the  walL^  of  the  abdomen.  In  the  case  of  the  hollow 
viscera  especiaUy,  this  membrane,  from  its  structure^  must 
give  them  considerable  strength, 

Mmeular  Coat. — Throughout  the  whole  of  the  alimentary 
canalj  from  tlie  cardiac  opening  of  the  stomach  to  the  anus, 
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the  muscular  fibres  funuiiig  tlie  middle  coat  are  of  tne  inro 
uiitarv,  pale,  or  no  striped  variety,  Tlie^e  fibres^  called  some- 
times  muscular  fibre-eell%  are  very  pale,  vnih  Mnt  outlines, 
tiBifonn  ur  spindle-i?liaped,  and  presenting  an  oval  loiif^ku* 
dinal  nucleus.  They  are  very  elt>^ly  adtiereut  by  their 
sides ;  and  are  so  arranged  as  to  dove-tail  into  eacli  otlier, 
and  forin  sheets  of  gi^eater  or  le^  tbickness,  dejiending 
tbe  number  of  their  layers.  The  luuscular  coat  of  the  stotnaela 
varies  in  tliiekiies*  in  diflerent  animals.  In  the  human  saV 
ject,  it  is  thickest  in  tbe  region  of  the  pylorus  and  is  tliia- 
nest  at  the  fundus.  Its  average  thickness  is  al>out  j\  of  ao 
inch.  In  the  pylorus^  it  is  from  to  r\  of  an  ineh  thick, 
and  in  the  fundus  from  j\  to      of  an  incli/ 

Tbe  muscular  fiijre^  exitst  in  tbe  gtoniacb  in  two  jmnei- 
pal  layers ;  an  external  longitudinal  layer  and  an  internal  cir- 
cular layer,  with  a  tbirtl  layer  of  oblifpie  fibres  extending  mdj 
over  tbe  great  pouch,  which  is  iutcrntd  to  tlie  circular  layer. 
The  direction  of  tlie  fihrea  in  these  layers  can  generally  bo 
seen  in  a  stomach  which  lias  been  dried  and  in^ated.  The 
longitudinal  fibres  a I'e  continued  from  the  oesophagi  -  r« 
most  marked  in  the  lesser  curvature.  Thev  itre  nut  >  ^1 
very  distinctly  over  the  rest  of  tlje  stomach,    Tlie  circular 
and  oblique  fibres  are  best  seen  when  the  organ  hm  been 
everted  and  the  mucous  membrane  ctire fully  removed,  Thu 
circular  J  ayer  is  not  very  distinct  to  the  left  of  the  carditc 
opening,  over  the  great  pouch  ;  but  in  other  parts  is  tolerably 
regular.   Toward  tbe  pylorus,  tlie  fibres  become  more  numer- 
ous, and  at  the  opening  into  the  duodenum,  form  a  powerfu^^ 
nmseular  ring,  wliicb  is  sometimes  called  tbe  s]>bineter 
the  pylorus,  ur  the  jiyloric  muscle.    At  this  point  they  pr* 
ject  considerably  into  the  interior  of  tbe  organ  and  cea 
abruptly  at  the  opening  mto  tbe  duodenum^  eo  as  to  fornm 
sort  of  valve,  presenting,  when  contracted,  a  flat  surfk- 
looking  toward  the  intestine,    Tlie  oblique  layer  takes 
place,  in  great  part,  of  the  circular  fibres  over  the  gr^^^ 

*  E5LLIKXE,  j^Mnfntt  (thktolo^e  hnmaint,  Fafit^  fi,  015. 
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pouch.  It  exteiitk  obliquelj  over  tlie  fundus  l>om  left  to 
riglitj  and  ceiued  by  rather  a  distmct  line  extendhig  from  tho 
lert  margin  of  the  oe^iophagus  to  about  the  juuction  of  the 
middle  atid  last  third  of  the  great  curvjittiro.  T\m  aiiatoui- 
ical  fact  is  interesting^  fc^r  it  is  at  about  the  point  where  the 
obliqae  layer  of  fibres  ceasee  that  the  stomach  beeoraes  coii- 
fetricted  during  the  movements  which  are  incident  to  diges- 
tiottj  diridiiig  the  organ  into  two  tolerably  distinct  compart- 
ments. 

The  blood-ve^^eb  of  the  muscular  cont  are  quite  uumer- 
uii^i  and  are  arranged  in  a  peculiar  rectangular  network, 
wLich  they  always  present  in  the  non-striated  nTUj?cnlar  tis- 
sue. The  nerves  belong  ohiefly  to  the  sympathetic  eystemj 
and  are  demonstrated  with  difficulty. 

Mucous  Cmt — As  we  pass  tVom  the  oesophagus  to  the 
etomach,  a  very  marked  ehunge  tiikes  phice  in  the  character 
of  the  niiieous  mend>nLue.  The  white,  hard  appearance  of 
tke  cesophageal  hning,  due  to  its  covering  of  pavement  epi- 
thelium, abruptly  ceases,  presenting  a  ahai'jily  defined,  den- 
tated  border;  and  the  membrane  of  the  stomach  is  soil, 
velvety  in  appearance,  and  of  a  reddi&h-gi*ay  culor.  In  some 
of  the  inferior  animals,  as  the  horse,  the  eharacteristie  mem- 
brane of  the  cesophagus  is  prolonged  intu  the  t5ti:>mach  and 
forms  a  large  white  zone  around  the  cardiac  opening,  with  al> 
mptly  defined  edges,  contrae^ting  strongly  w*ith  the  rest  of  the 
lining  membrane  of  the  stomach- 

The  mncons  lining  of  the  stomach  is  loosely  attaclied  to 
the  submncous  museukr  tii^suej  and  is  thrown  into  large 
longitudinal  folds,  which  become  eflacc?<l  as  the  oi-gan  is  dis* 
tended.  When  the  mnseular  coat  t)f  the  stomach  is  in  a  oon- 
dition  of  cadaveric  rigidity,  the  longitudinal  folding  of  the 
^mucous  membrane  is  very  marked.  If  the  mucous  mem- 
brane be  stretched,  or  if  the  stjomaeh  be  everted  and  dis- 
tended, and  the  mucus,  which  alwa>^  exists*  in  greater  or  less 
abundance  over  the  surface,  l)e  gently  removed  under  a 
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Btreain  of  water,  tlie  niembrane  will  be  found  marked  with 
innumemble  polygonal  pits  or  depressions,  enclosed  by 
ridges,  whieb  in  some  parts  of  tbe  organ  are  quite  regular. 
These  are  best  seen  with  the  aid  of  a  simple  lens,  as  many 
of  them  are  quite  small.  The  size  of  the  pits  is  very  va- 
riable, but  the  average  is  about  jlj  of  an  inch.  This  ap- 
pearance is  not  distinct  toward  the  pylorus ;  the  membrane 
here  presenting  irregular  conical  projections,  and  some  well- 
marked  villi  resembling  those  found  in  the  small  intestine. 
The  surface  of  the  mucous  membrane  is  covered  with  co- 
lumnar or  prismoidal  epithelium ;  the  cells  being  tolerably 
regular  in  shape,  with  a  clear  nucleus  and  a  distinct  nucleolus. 

The  thickness  of  the  mucous  membrane  of  the  stomach 
varies  in  different  parts.  It  is  usually  thinnest  near  the 
oesophagus,  and  thickest  near  the  pylorus.  Its  thinnest 
portion  measures  from  t^'j  to  j\  of  an  inch ;  its  thickest  por- 
tion from  -fj  to  j\  of  an  inch ;  and  the  intermediate  portion 
about  inch. 

Glandular  Ajypay^atus  of  tlve  Stomach, — ^Extending  from 
the  bottoms  of  the  pits  in  the  mucous  membrane  of  the  stom- 
ach to  the  submucous  areolar  tissue,  are  immense  numbers 
of  racemose  glands.  These  are  generally  arranged  in  tolera- 
bly-distinct groups  surrounded  by  fibrous  tissue ;  each  group 
belonging  to  one  of  the  polygonal  depressions.  The  tissue 
which  connects  the  tubes  is  dense,  but  not  abundant.  The 
researches  of  "VVasmann,  Todd  and  Bowman,  Kolliker,  Bon- 
ders, Brinton,  and  others  have  shown  marked  differences  in 
the  anatomy  of  the  glands  and  follicles  of  the  stomach  in 
different  parts  of  the  organ,  which  are  particularly  interest- 
ing, as  they  are  supposed  to  correspond  with  differences  in 
the  functions  of  various  parts  of  the  mucous  membrane. 
Tliere  are,  indeed,  two  distinct  varieties  of  glands :  the 
gastric  glands,  found  throughout  the  organ,  except  in  the 
pyloric  portion ;  and  the  nmcous  glands,  found  eliiefly  in 
the  pyloric  region,  with  a  few  scattered  through  other  por- 
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tions  of  die  uincoim  membrane.  Tliese  demand  special  con- 
Btderatiun^  as  the  former  are  supposed  to  secrete  the  gastric 
juice  and  are  active  only  during  di^stton,  while  t!ie  latter 
secrete  a  glairy  mucus,  which  has  no  distinct  digestive  func- 
tion Wit!i  whieli  we  are  acquainted. 

GmtnCf  f/r  Peptic  G funds.  —  These  glands  are  found 
throughout  the  entire  extent  of  the  mucous  membrane  of 
the  stoniach,  except  around  the  pyloric  orifice  and  in  the 
leaser  pouch.  In  the  human  subject,  their  distribution,  as 
compared  with  the  so-called  mucous  glands,  which  are  not 
eooeemed  in  the  production  of  the  gastric  juice,  is  much 
wder  than  in  most  of  the  inferior  animals.  They  vary  in 
their  length  M*ith  the  variations  in  the  thiekness  of  the  mu- 
cous membrane.  Recent  researches  have  shown  that  all  of 
these  glands  are  racemose,  and  that  the  scncalled  etoniach- 
tnbes  with  single  blind  extreniities,  which  were  formerly  de- 
scrihedj  do  not  exist  in  any  part  of  tlie  gastric  mucous  mem- 
l»rane.  The  true  peptic  glands  present,  in  the  upper  fourth 
or  tifth  of  their  lengthy  each  a  single  tube  or  duct,  lined  by 
a  continuation  of  the  columnar  epithelinin  covering  the  snr- 
lace  of  the  mucous  membrane.  Below  this,  they  divide  into 
several  branches,  primary  and  secondary,  and  are  lined  with 
rounded  ceils  of  glandular  epithelium  ;  thus  presenting  the 
characters  of  simple  racemose  glands.  The  cells  lining  the 
brandling  tubes  are  sometimes  called  peptic  cells.  They 
wich  have  a  nucleus  and  a  nucleolus,  contain  numerous 
granules,  atid  are  about  xAtt  ^^^''^      diameter,  Gren- 

erally,  the  large-sized  cells  of  glandular  epithelium  produce 
varicosities  in  the  tubes,  which  give  them  a  peculiar  and 
characteristic  appearance.  The  tubes  sometimes  contain 
granules  aTid  fatty  particles,  though  these  are  not  always 
natural,  as  the  delicate  peptic  cells  are  frequently  de- 
stroyed by  the  action  of  the  fluid  used  in  their  prepara- 
tion, and  break  down  into  granular  matter.  It  is  prubable, 
also,  that  the  appearance  of  the  tubes  and  cells  varies  with 
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the  (liflereiit  coiiditions  of  the  mucous  membrane  as  regards 
digestion,  though  these  changes  have  not  been  satisfactorily 
investigated. 

The  above  is  the  general  character  of  the  glands  in  the 
greater  part  of  that  portion  of  the  mucous  membrane  of 
the  stomach  which  secretes  the  gastric  juice."  They  readily 
undergo  post-mortem  alteration,  and,  in  the  human  subject, 
are  only  to  be  seen  satisfactorily  in  the  fresh  stomachs  of 
subjects  who  have  died  suddenly,  having  previously  been  in 
a  condition  of  perfect  health. 

Mucous  Glands.  —  Near  the  pyloric  extremity  of  the 
stomach  and  in  the  lesser  pouch,  where  the  mucous  mem- 
brane is  decidedly  paler  than  over  the  rest  of  the  organ, 
the  character  of  the  glands  is  peculiar.  As  a  rule,  the 
glands  in  these  situations  are  compound ;  but  they  do  not 
present  more  than  two  or  three  divisions  until  they  have 
passed  through  about  one-half  of  the  thickness  of  the  mu- 
cous membrane,  when  they  break  up  into  numerous  small, 
secondary  tubes.  The  important  peculiarity  about  these 
glands  is  that  they  are  lined  throughout  with  columnar  epi- 
thelium, and  are  everywhere  deprived  of  the  cells  found  in 
the  true  peptic  glands.  These  glands  are  supposed  to  secrete 
a  viscid,  alkaline  niucns  during  the  intervals  of  digestion, 
which  has,  as  far  as  we  know,  no  special  digestive  properties. 

In  the  investigations  of  Prof.  Dalton  into  the  anatomy 
of  the  stomach  of  the  pig,  most  of  which  we  were  enabled, 
through  the  kindness  of  Prof  Palton,  to  verify  with  him, 
the  following  results  were  obtained  : ' 

In  the  stomach  of  the  pig  the  mucous  membrane  in  the 
neighlH>rhood  of  the  pylorus  is  moderately  thick  and  of  a 

'  Our  iiescriptiou  of  the  gastric  glands  is  taken  mainly  from  the  \msX  edition 
of*  Siippcy's  ailmirable  treatise  on  anatomy.  (Sappet,  Traiti  iVanatomie^  Paris, 
1874,  tome  iv.,  p.  183,  et  seq.) 

*  The  observations  of  Dalton  nmst  not  be  taken  as  representinfr  absolutely 
the  anatomy  of  the  glands  of  the  stomach  in  the  human  subject,  for  the  structure 
of  these  organs  presents  important  Tariations  in  different  animals. 
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dght  color.  The  villi  upon  its  free  gurface  are  liigblj  devel- 
oped, Ijeing  longj  denrlerj  often  compound^  and  ftpproximat- 
ing  in  appearance,  when  einiplcj  very  much  to  the  villi  i>l" 
the  small  intestines.  The  tubuleti  of  the  nincons  membrane^ 
yIj  of  an  inch  in  diameter,  rim  vertieaUy  through  its  whole 
tliickiiess  and  tersninate  at  various  depths.  The  shorter  onas 
are  witliout  branches,  nearly  straight^  and  terminate  by  sun- 
pie  rounded  extremities.  The  longer  ones  give  off  several 
lateral  branches  near  their  lower  extremitVj  the  upper 
brancheis  being  longer^  the  lower  ones  shorter^  the  whole 
group  collected  into  a  little  mass  or  lobule.  These  tubes  are 
lined  with  epithelial  cells^  mostly  of  a  cylindrical  form,  but 
of  very  small  sixe,  closely  packed,  and  evidently  glandular  in 
character, 

"In  the  neighborhood  of  the  cardia,  the  mucous  mem- 
brane k  quite  thin  and  pale,  without  any  well-developed  vil- 
lous projections.  In  the  superficial  portion,  the  tubules  are 
verj-  vnde  cylinders,  lined  with  large,  clear^  well*deiine<l  cells 
of  cylinder-epithelium,  branching  below  usually  into  two 
waller  tubes,  also  lineci  with  cylinder-epithelium.  These 
become  still  farther  reduced  in  size  until  they  are  a  lit- 
tle narrower  than  the  tubules  of  the  pyloric  portion,  when  they 
become  lined  \dth  small  glandular  epithelial  cells,  and  ter- 
iniimte  below  in  rounded  extremities.  The  secreting  tulmW 
of  tliig  portion  of  the  stomach  are  much  shorter  than  those 
of  the  pyloric  portion. 

**  In  the  middle  portion  of  the  stomach,  especially  along 
tbe  great  curvature,  the  mucous  meml)rane  is  considerably 
thicker  thaJi  elsewhere  and  is  of  a  dark-red  color.  The  villi 
npon  its  surlace  are  perfectly  distinct,  though  not  so  long 
ajid  slender  as  in  the  pyloric  p4>rtiori*  The  gastric  tubule^ 
are  much  longer  than  in  any  other  part,  and  more-  closely 
Ixmnd  togetlier  at  the?  bottom,  so  tliat  they  are  separated 
with  much  greater  difficulty.  They  ai*e  rather  wider  than 
the  other  secreting  tubules,  and  contain,  besides  the  ordi- 
nary  smaEer  epitheliumj  an  abundance  of  large,  rounded, 
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gniiiularj  and  nucleated  celk  about  tbree  tim^  the  size  of  the 
glandular  epithelial  cells  from  eitlier  the  cardiac  or  pjloric 
liibules.  These  celk  appeal*  to  fill  the  cavity  of  die  tu- 
bules»  and  give  a  varico&e  appearance  ty  their  lateral  out- 
lines.'** 

Todd  and  Eowinan,  who  were  among  the  finst  to  poi. 
out  the  important  differences  in  the  gland olar  structuro^  in 
difiPerent  parts  of  the  stomachy  state  that  for  the  tnoet  part, 
tliese  proloBgations  of  the  cells — or,  as  we  shall  term  them, 
pyloric  tubes — end  at  length  in  very  short  and  dimimitiro 
true  stomach  tubes ;  but  we  have  likewise  funnd  them  t^ 
ininating  in  either  flask-shaped  or  nndilated  extretnltiei, 
lined  throiigbuiit  with  the  sub-columnar  variety  of  epithe- 
Hum/' '  Kolliker,  who  has  also  specially  inTestigated  thfe 
iubjectj  status  that  the  stomach-cells  are  entirely  wanting  in 
the  pyloric  tubes ; '  and  Brinton,  as  the  result  of  extendml  ob- 
sei-vationa,  makes  the  same  a^rtion,*  However  this  may  be, 
the  observations  of  Kolliker  and  Donders  on  the  hmafld 
stomach  have  sbowi  tliat  the  active  principle  of  the  gistiw 
juice  can  only  be  produced  Ijy  the  §tomach-cellsH,  and  does 
not  exist  in  the  pyloric  extremity/ 

Todd  and  Bowman  have  found  tit  at  the  mucus  which 
generally  covers  the  membrane  of  the  stomach,  filling  up  the 
pits  or  depressions,  is  continued  into  the  upper  part  of  the 
tubes,  which  it  nearly  fills,  as  though  it  had  gradually  oosed 

'  Wriltea  comrouni^fttiott  to  the  luthor. 

-Todd  axD  Boi^^mat^,  The  Fh^Httii^iml  Afusimaif  ojui  Pktfsiolofff  ttf 
rharidi-lphLH,  1857,  p,  649, 

'  Kth.T  mm,  £Umm(9  iThiM^J^  kumatne^  FsFli,  ISttS,  |>.  524. 

'  C/r^opmS^t  of  Anaiottif  and  /%si<)^r^,  LomJonf  1850,  Su|»{ilefii«BUf5 

*  KotuKgE^  ioc,  cU.  In  a  note  by  Dr,  1)»  Co«U^  ihv  editor  of  ih*  Amerfcm 
edUloD  {PljiUAdc)pt>la«  p.         li  is  ilated  that  Frof,  KtiUiker  had  in  op- 

portunitv  of  eiamiaiag  the  hmnan  gastric  mucous  merobnuie  in  a  ireAh  Ami  nor^ 
mat  «tJile  ia  «  cue  of  Buidde  bj  <}rowDiii^.  Id  this  caae,  tbe  dtdVrcacei  in  iIm 
uifltomj  of  the  tulH?fl  \n  th<^  osirdmc^  %Jtic  middle,  and  t)ie  p^vlorlc  looe  wtte  fullf 
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from  tlie  coluinnar  cells  at  the  sides,  leaving  a  small  ceDtral 

Three  observerSj  Midtleldorpb,  Briicke,  and  Kollikerj 
aJmoat  simultaneouslj^  each  one  ignorant  of  the  observa- 
tions of  the  others,  noted  in  the  submucous  tissue  the  pres- 
ence of  a  few  invohintary  muscular  fibres  surrounding  the 
csecal  extremities  of  the  stomach -glands,'  These  are  sup- 
posed to  be  active  in  discliargiiig  the  contents  of  these 
gknds  during  the  secretion  of  the  gastric  jnicc- 

Clmed  Fdlides. — In  the  substance  of  the  mucous  mem- 
brane, between  the  glands  and  near  their  csecal  extremities, 
are  occasionally  found  closed  folHcles,  like  t!ie  solitary 
glands  and  patches  of  Peyer  of  the  intestines.  These  are 
not  always  present  in  the  adult,  but  are  generally  found 
in  children.  They  are  usually  most  abundant  over  the 
gnjater  curvature,  though  they  may  be  found  in  other  situa- 
tions. In  their  anatomy  they  are  identical  with  the  closed 
tbUicles  of  the  mtestines,  and  do  not  demand  special  consid- 
eratioQ  in  this  connection. 

Oadrw  Juice. 

At  the  present  day  it  aeema  profitless  to  argue  the  ques- 
tion of  the  existence  of  a  digestive  fluid  in  the  stomach  ;  and 
the  discussions  of  the  earlier  physiologists  as  regards  the 
IKj^ibility  of  the  existence  of  a  fluid  capable  of  dissolving  the 
articles  of  food  have  only  an  historical  interest.  It  is  im- 
portant, however,  to  follow  the  experiraents  by  which  the 
existence  and  the  proi>ertie8  of  the  gastric  juice  were  brought 
to  Hghtj  as  the  discovery  of  this  flnid  marks  the  commence- 
ment of  our  definite  knowledge  coucerning  the  process  of 
digestion. 

In  1752,  while  the  controversy  between  those  who  be- 
lieved  that  the  stomach  simply  tritiu'ated  the  food,  and 

*  Op,  dt 

*  LosQET,  JWi*^  di  ph^mo!<^f,  Paris,  lSfi8,  tome  I,  p.  21 U 
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those  who  eoBpeeted  the  existence  of  a  solvent  fluid  wm  ut  ita 
tieightj  Keauiimr  first  obtained  what  is  now  known  as  the 
gastric  juice,  and  demonstrated  some  of  its  solvent  properties. 
In  a  paper  presented  to  the  Academy  of  Sciences  of  Park, 
on  the  process  of  digestion  in  bird%  he  showed  that  meat 
enclosed  in  a  tin  tube  bo  arranged  as  to  permit  the  entrance 
of  liquids,  when  forced  into  the  atomach  of  a  buzzard,  became 
softened  and  partly  digested  after  remaining  in  the  organ  for 
BeTeral  hours*  Substituting  small  pieces  of  sponge  for  the 
meat,  he  obtained  a  few  grains  of  gastric  juice,  in  wliich 
he  noted  a  well-marked  acid  reaction ;  but  the  quantity  ob- 
tained was  ixot  siifticient  to  allow  of  any  satisfactory  exyxiri- 
ments  on  artificial  dig<^tion.*  This  was  the  first  time  that 
the  presence  of  a  si^lvent  fluid  in  the  stoniach  had  ever  been 
experimentally  demonstrated,  and  the  fluid  was  the  first  spe- 
cimen of  gastric  juiL'e  ever  obtained-  The  ex|)eriments  on 
birds  %vere  repeated  by  Reaumur,  in  an  imperfect  manner^ 
on  dogs  and  sheep,  with  aiuilogous  results- 

The  celebrated  obsei-vations  of  StevenSj  in  ITTT,  were 
even  more  conclusive  with  regard  to  the  presence  of  solvent 
fluids  in  the  alimentary  canal*  He  had  under  obsenr^ation  a 
juggler,  who,  in  his  perforjnances,  was  in  the  habit  of  swal- 
lowing stones  and  other  bard  articles.  For  the  purpose  of 
asceitaining  whether  food  eonld  be  dissolved  in  the  alimentary 
canal  if  removed  from  all  triturating  action,  Stevens  con- 
structed little  hollow  balls  of  silver  and  of  ivory,  piereeil 
with  numerous  small  holeSj  and  capable  of  being  opened  by 
a  screw  in  the  middle,  which  he  caused  the  man  to  swallow 
after  they  had  been  filled  with  various  articlc^s.'  After  a 
number  of  hours,  from  thirty-six  to  Ibrty-eightj  the  balls 
were  passed  by  tlie  anus  entirely  empty,  except  when  they 
had  been  filled  with  hard  grains,  which  wei-e  only  a  little 

'  RiAUucTR,  Sttr  h  iHffesfio^  <fer  Oma^iXj  Sf^nd  M^tmre, — TRdoirt  it 
PAeafihT^fe  RotftiU  dta  Seimcts^  Fart!?,  1752^  pp.  4fll^D5, 

'  &rE\'E?ij*,  1)6  Alimetttomttn  CintroeHone,  Edmburgb,  UTT^in  SUKLtiri  Tkm, 
MttKy  quoted      TiEUKANN  ^KD  Gm^lin,  op.  city  premiisro  [itutte,  p.  305,  note. 
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softened.  A  tew  years  later,  the  experiments  of  Reautniir 
were  reproduced  bj  Spdlaiizani ;  who  caused  Huimald  tv 
swallow  food  contairieii  in  perforated  tube^  and  obtained  the 
gastric  juiee  by  means  of  sponges^,  extending  the  observations 
to  dogs  and  cat^  and  in  some  instances  experimenting  on 
hia  own  person,  lie  swallowed,  for  example,  little  netted 
bags  of  tliread,  and  on  one  occasion  a  small  perforated 
ifooden  tul>ej  filled  with  food,  which  he  fonud  always  pae^ 
empty  by  the  amis/ 

The  exj>enments  of  RLamnur,  Stevens,  and  Spallanzani 
demonstrated  the  existence  of  the  gastric  juice.  They  were 
followed  by  the  elaborate  investigations  of  Prout,  Tiede- 
m&nn  and  Gmelin,  Leuret  and  Ljissaignej  and  others,  by 
which  Yariouii  of  the  properties  of  tliis  iiuid  were  established ;  * 
but  onr  definite  knowledge  of  its  most  important  |>hYsiologi- 
cal  properties  dates  from  the  ol)ser\  ations  of  Dr,  Beaumont 
on  the  Canadian,  Alexis  St,  Martin,  who  had  a  large  fistu- 
lous opening  into  the  stomach.'  These  observations  were 
eommeneed  in  May,  1825,  and  were  continued  for  a  number 
of  years.  The  first  pubUcation  of  them  was  in  the  Phita^ 
deJj/kta  Medical  Recorder^  in  18:36. 

Mode  of  ohtaininff  (he  Gastric  Juice, — The  ingenious  ex- 
jicriments  of  Dr.  Beaumont  upon  the  ciiae  of  St  Martin  gave 
an  impulse  to  the  study  of  digestion^  and  pointed  out  the 
way  in  which  the  action  of  the  gastric  juice  could  l»e  inves- 

MtpMmm  **ir  /a  Diffettion,  tradniti  jmrJem  Stn^l^,  Pii**i*i,  Its  7,  totne  ii. 
pp.  43],  483,  ftl9,        and  545. 

*  L£i^R£T  £T  LASsiiaNEf  Rtrh^Tth^  Pkif«wlo(fiqm»  t^i  Chlmique*  p&ur  tetnr  i 
tHmioirt  de  h  B^^mHon^  Paria^  1836.  These  authora  gtve  im  aDiiljaia  of  the  gas- 
tric jiil<»p  wbi^  <*oiT?aponds  ptrtty  nearly  with  tlio  analysea  of  tbe  more  rectfiit 
lihyflioiogioLi  chemitiU.  Tbv^y  ntjteti  tUc  presence  of  laetic  fttirt,  Uydrochlomto  of 
ftmmotiia,  c  blonde  of  sodiuno^  ariiraal  mattei'  soluble  io  water^  oiucui,  and  phm^ 
phmU  of  linitv    {p,  113,) 

•  Experi/twnU  tmd  Ohterpatk^n^  an  the  Gmtrk  Juice,  attd  ike  Phifst€i(^tf  of 
IH^mtUm^  by  Willuh  Dkaomont,  iL  D.,  Surgeon  in  the  U*    Armj,  PUittiburg, 

im. 
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tigated.  The  fact  tliat  Dr,  Beaumont  noted  the  action  of 
human  gastric  juiee  upon  all  the  ordinary  articles  of  food 
enabled  phyfiiologists  to  compare  with  it  the  properties  of  the 
secretion  obtained  from  the  inferior  animals,  an  iiidJsi»en- 
Bable  condition  in  the  study  of  the  dig^tstive  fluid&»  In 
Blondlot  pulilished  a  treatise  on  digestion,  in  which  he  gave 
the  results  of  experiments  on  dogs  with  fistulous  o]>enings§ 
into  the  Btomach.'  This  observer  is  generally  spoken  of  ns 
the  first  to  obtain  the  gastric  juice  by  the  estabhshnient  of 
a  fistula  into  the  stomaeli  in  the  inferior  animak ;  but  Lon- 
get  statea  that  iu  December,  18J:3,  Dr,  Basso w  read  a  pajier 
before  tlie  Imperial  Society  of  Naturalists  of  Moscow^  which 
was  published  in  the  Bulletin  for  that  year,  iu  which 
he  gave  an  account  of  a  number  of  gnecessful  attempts  to 
establish  a  gastric  fistula  in  dogs,*  In  the  aniuials  operated 
upon  by  Bassow,  the  openings  were  not  kept  open  by  a  can- 
nla,  and  he  wai^  much  annoyed  by  their  tendency  to  close. 
There  is  no  reason  to  suppose  that  Blondlot  was  aware  of  the 
experiments  of  Bassow,  which,  as  Longet  remarks^  were  little 
known  to  physiok^gistSj  aud^  as  ftir  as  wc  are  aware,  were  mM 
quoted  in  works  ou  physiology  before  the  publication  of 
Longet's  treatise  in  1861.  With  some  slight  modifieatiuns 
in  the  operative  manipulationSj  the  niethod  of  Blondlot  is  the 
one  now  in  common  use. 

The  establishment  of  a  permanent  gastric  fistula  m  now 
one  of  the  simplest  and  most  common  of  the  physiological 
operations.  The  dog  is  the  animal  generally  used ;  and  from 
the  tact  that  be  is  not  very  subject  to  peritonitis  the  opem- 
tion  almost  always  ends  in  recovery,  and  the  animal  can  be 
trained  so  that  the  juice  may  be  obtained  in  quantity  aud 
with  great  facilityp  The  operatire  procedure  which  we  have 
Ibnnd  most  convement  is  the  following: 

•  Longet,  Trm/e  lie  Fhi^tiotofiie^  Paris,  18fl8,  toting  i,     222.  Rerer«ti<!« 
the  eiperitnt'Dtii  of  BafiBOW  is  also  mtide  bv  Mi!  nc^Ed  wards,  in  liis  elmborate  work 
oow  in  course  of  pttUication  {J^^nn^iirla  Ph^oftf^lf^  Paris,  1862,  tome  vii,,  ji,  iJik 


It  is  best  to  cbcK)se  a  dog  of  medium  size,  jouEg,  but 
nearly,  if  not  entirely  full  growu,  in  perfect  health,  and  of 
good  dispoeitioii.  Bringing  the  animal  under  the  influence 
of  ether,  he  is  to  be  held  firmly  on  the  back,  and  an  incision 
about  two  inches  in  length  is  made  in  the  median  line  into 
th«  abdominal  cavity.  This  incision  should  be  commenced 
from  half  an  inch  to  an  inch  below  the  ensiform  cartilage. 
Introducing  the  finger  into  the  abdominal  cavity,  the  stom- 
ach can  readily  he  felt,  especially  if  it  be  moderately  dis- 
tended ;  and  with  a  pair  of  hooked,  or  bull-dog  forceps,  tJiat 
portion  of  the  stomach  nearest  the  wound  may  be  seized  and 
ilrawn  out  of  the  abdomen.  It  is  Important  to  make  the  fis- 
tula into  that  portion  of  the  anterior  wall  of  tlie  stomach 
which  U  near^t  the  wound,  to  avoid  disturbance  in  the  posi- 
tion of  the  viicera ;  and  the  organ  is  in  the  most  favorable 
position  for  the  operation  it*  it  be  moderately  distended  with 
food. 

A  portion  of  the  stomach  being  drawn  out  of  the  abdo- 
men, a  slit  is  made  panillel  to  the  longitudinal  fibres,  jnat 
large  enough  to  admit  the  canula. 

A  silver  canula,  about  an  inch  and  a  quarter  in  length, 
half  an  inch  in  diameter,  and  provided  with  a  straight  rim 
or  flange  at  each  end  about  half  an  inch  in  width,  is  now 
introduced  into  the  stomach  and  firmly  secured  in  place  by 
a  ligature  surrounding  it  and  passed  in  and  out  tlirough  the 
coats  of  the  stomach  near  the  lix>s  of  the  wound,  like  the 
e^tring  of  a  pur&e.  This  canula  may  be  single,  or  as  sug- 
gested by  Bernard,  double,  one-half  screwing  into  the  other 
60  that  it  may  be  elongated  to  twice  the  length  it  has  when 
clo^L  This  is  somewhat  convenientj  as  the  tube  may  be 
introchiced  elongated,  and  when  the  swelling  of  the  parts 
has  eulisided,  may  be  sliortened  by  a  key,  so  as  not  to  pro- 
ject beyoml  the  abdomiual  walk. 

Afler  the  canula  has  been  firmly  fixed  in  the  stomach, 
the  tubej  with  one  of  its  flanged  ends  ]>rojeeting,  should  be 
drawn  to  the  upper  part  of  the  opening  in  the  abdomen,  and 
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the  wound  closed  hj  siitares  passed  tlirough  the  integument, 
musele^,  and  peritoneum. 

Tlie  dog  will  generally  eat  on  the  second  or  thii-d  day 
after  the  operation  ;  and  peritonitis — aside  from  the  inflam- 
matory action  which  agglutinates  the  stomach  at  the  site  of 
the  operation  to  the  walls  of  the  abdomen — rarely  followis. 
It  iB  be&t  to  feed  the  aninial  sparingly  a  short  time  before 
operating^  aft  thei'e  is  some  difficulty  in  seizing  the  stomach 
when  it  is  entirely  empty, 

IlHTiiig  thns  established  a  permanent  fistula  into  the 
stomach,  after  the  wound  has  cicatrized  around  the  canula, 
the  animal  suffers  no  inconvenience,  and  may  serve  indefi- 
nitely for  experiments  on  the  gastric  juice.  Many  physiol- 
ogists have  been  in  the  habit  of  exciting  the  flow  of  this 
fluid  by  the  introductioa  into  the  stomach  of  pieces  of  ten- 
don, or  hard  indigestible  articles,  on  the  ground  that  the 
fluid  taken  from  the  fistula,  under  these  circumstances,  is 
unmixed  with  the  pmducts  of  stomach  digestion ;  hut  it  has 
been  shoi^ru  that  the  quantity  and  character  of  the  juice  is 
influenced  hv  the  nature  of  the  stimulus  which  causes  its  se- 
cretion ;  and  it  is  proper,  therefore,  to  excite  the  action  of  the 
stomach  by  articles  which  are  relished  by  the  animaL  For 
this  pnri>osej  lean  meat  may  be  giveiij  cut  into  pieces  so  small 
that  they  will  be  swallowed  entire,  and  first  tlu'own  into 
boiling  water  so  that  their  exterior  may  become  somewhat 
hardened.  The  cork  is  then  removed  from  the  tube,  winch 
is  simply  freed  from  mucus  and  d^bris^  when  tlie  gastric 
juice  will  begin  to  flowj  sometimes  immediatelyj  and  some- 
times  in  from  three  to  five  minutes  after  the  food  is  taken. 
It  will  flow  in  clear  drops  or  in  a  small  stream  for  about 
fifteen  minuteSj  nearly  free  from  the  products  of  digestion. 
At  the  end  of  this  time  it  is  generally  accompanied  with 
grumous  matter,  and  the  experiment  should  be  concluded  if 
it  be  desired  simply  to  obtain  the  pure  secretion.  In  fifteen 
minutes,  from  two  to  toree  ounces  of  fluid  may  be  obtained 
from  a  good-sized  dog,  which,  when  filtered,  is  perfectly 
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dear;  and  thk  operation  may  be  repeated  three  or  four 
titties  a  WBek  witliout  intertering  with  the  quality  of  the  juice 
or  injuring  the  health  of  the  aoimah" 

Although  instances  of  gastric  fistula  in  the  huinaii  subject 
hud  been  reported  before  the  case  of  8t.  Martin  and  Lave  been 
obeerv^ed  dace  that  time,  the  remarkably  healthy  condition 
of  tlie  subject  and  tlie  extended  experiments  of  so  competent 
and  conseientiom  an  observer  as  Dr.  Beaumont  have  ren- 
dered this  case  memorable  in  the  history  of  physiology.  It  is 
undoubtedly  the  fact  that  this  is  the  only  instance  on  record  in 
which  pure,  normal  gastric  juice  has  been  obtained  from  the 
human  subject;  and  it  served  a  most  important  purpose  as 
the  standard  for  comparison  of  subsequent  experiments  on  the 
interior  animals.  The  details  of  this  case^  condeiosetl  from 
the  monograph  of  Beaumont,  are  briefly  the  following : 

Alexis  St.  Martin,  a  Canadian  voyageur  in  the  service  of 
the  American  Fur  Company^  eighteen  years  of  age,  of  good 
constitution  and  perfectly  healthy,  was  wounded  in  the  left 
side  by  the  accidental  discharge  of  a  gun  loaded  with  duck- 
&hot-  The  wound  was  received  on  the  6th  of  June,  1823  ; 
ami  the  muzzle  of  the  gun  was  not  more  than  a  yard  distant 
from  tbe  body.  The  contents  of  the  gun  entered  posteriorly, 
carrving  away  integument  and  muscles  from  a  space  tlie  size 
of  the  hand,  with  the  anterior  half  of  the  sixth  rib,  fractur- 
ing the  fifth  rib^  lacerating  the  lower  portion  of  the  left  lobe 
of  the  lungs  and  the  diaphragm^  and  perforating  the  stom- 
ach.   The  patient  was  seen  by  Dr,  Beaumont  twenty-five  or 

'  Befniird  recommimda  to  make  the  &sm]a  on  the  §ide  ftt  tbe  outer  bor* 
dcr  of  ih^  reciofi  muscle-  Qb  iatrodyu^a  Lhe  eantila  jbrtlblj  through  an  opeiimg 
Ima  the  utooiAoli  made  ^maM  as  po9iii1»k%  oad  relics  upOD  the  coatmcdoa  of  tho 
walli  of  die  stotiiii{?h  around  tlit*  tube  to  prevent  the  passage  of  inciters  into  the 
lieiit^eal  cavity.  {Lt^^  de  Phtfaiolo^i^  EzperimtnUd^^  Paris^  1866, 
OiilMi  this  part  of  the  operation  be  performed  with  great  care  and  exactaeaa,  \i 
It  asfer  to  employ  the  ligature.  In  i^uUectiDg  the  jui^c,  he  j^implj  %xqa  a  bag  of 
mbb^r  to  the  ciDula  after  feeding  the  animal ;  but  the  fluid  iis  obtained  more 
Mtisfactorily  hj  making  the  aalmal  stand  over  a  strong  resaei,  as  n  moriar.  On 
ie^eml  occasions  we  have  had  dofi  m  ti^<»d  as  to  stand  on  the  table  for  the 
proper  lime  idihout  requiring  anv  ottetitioo. 
47 
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thirty  minutes  after  the  accident,  when  the  above  facta  were 
Doteclj  and  an  opening  into  the  stomach  was  disooTered 
large  enough  to  admit  tlie  forefinger,  ExtenBive  slonghing 
took  place  j  and  for  seventeen  days  every  thing  tliat  was  swal- 
lowed passed  out  at  the  wound,  and  nourishnitsnt  was  admin- 
istered by  the  rectum.  In  the  spring  of  1821,  the  wound  had 
cicatrized,  and  the  patient  had  perfectly  recovered  his 
health ;  but  in  the  process  of  cure,  seven  pieces  of  cartilage 
had  corae  away,  and  three  or  four  inches  of  the  sixth  rib,  with 
about  half  of  the  lower  edge  of  the  fifth  rib,  had  been  removed 
by  an  operation.  The  i>erforation  into  the  stomach  was 
irregularly  circular  in  form^  and  about  two  and  a  half  inches 
in  circumference.  This  opening  was  closed  by  a  protrusion 
of  the  mucous  membrane  of  the  stomach  in  the  form  of  a 
vdve,  which  could  readily  be  depressed  by  the  finger  so  as 
to  expose  the  interior.  This  valve  efiectually  prevented  the 
discharge  of  the  contents  of  the  stomach,  which  had  annoyed 
the  patient  previous  to  the  winter  of  1823- 

From  May,  1S25,  to  August  of  the  same  year,  St.  Martin 
wiis  under  the  observation  of  Dr,  Beaumont,  and  submitted 
to  numerous  experiments.  At  the  end  of  that  time,  he  re- 
turned to  Canada,  and  was  lost  sight  of  for  four  years,  during 
which  time  he  married  and  became  the  father  of  two  chil- 
dren, "  worked  hard  to  support  his  family^  and  enjoyed  n> 
buBt  health  and  strength."  He  then  came  again  under  the 
observation  of  Dr.  Beaumont,  and  continued  in  his  service, 
doing  the  work  of  a  common  servant,  until  March^  1831. 
After  thia,  he  was  under  observation  from  time  to  time  until 
ISSfi ;  all  this  time  enjoying  perfect  health,  wnth  good  digess- 
tion,  and  having  become  the  father  of  several  more  children. 
The  last  published  observations  made  upon  this  case  were 
in  1856/ 

^  In  Lhe  Philadelphia  Medie^  Examu^er^  tinmhcm  for  July  and  September^ 
18&6f  b  aa  account  of  some  i;spurimorits  ma<]^  on  HarUn  m  May  of  the  sjyn« 
j-e^r.  Theee  obe^rrntiona  were  alio  pubHshed  in  the  Jdnmo/  rfo  Iti  FhytUdo^^ 
PatiSp  I8S8,  tome  I,  p.  l-U  etseq. 
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The  following  was  the  method  eiiiploTe<:l  liy  Dr.  Beaumont 
in  extracting  tlic  juice  :  The  subject  was  placed  un  the  right 
jiide  ill  the  recumbent  i>ostiire,  the  valve  was  depress^ed  with- 
in the  apertTire^  and  a  gum-elaatic  tube,  of  the  si^e  of  a  large 
qiiiU^  was  paeaed  into  the  stomacti  to  the  exteut  of  five  or  eix 
inches.  On  turning  hira  upon  the  lefl  gide  until  the  opeiung 
became  dependent,  the  btiniulation  of  the  tube  caused  the  se- 
eretion  to  flow,  sometimes  in  drops  and  sometimes  in  a  small 
etrean).  The  (|uantity  of  fluid  ordinarily  obtained  was  from 
foor  drachms  to  an  ounce  and  a  half  The  usual  time  for 
collecting  the  juice  was  early  in  the  niomingj  before  he  had 
eaten.  It  was  remarked  that  under  the€ie  circumstances 
tliere  was  never  an  accumulation  of  gastric  juice  in  the 
stomach,  and  it^  flow  was  only  excited  by  the  stimulus  of  the 
tube*  It  was  also  repeatedly  ohj^erved  that  tlie  introduc- 
of  alimentary  principles,  while  the  tube  w^as  in  the 
stomach,  produced  an  almost  instantaneous  increase  in  the 
flow\ 

Thanks  to  these  opportimities  for  observing  the  action  of 
the  human  stomach,  followed  by  the  experiments  of  Blond- 
lut  and  others  on  the  inferior  animaU,  mm  so  eommoUj 
physiologists  have  become  i)retty  well  acquainted  with  tiae 
phenomena  which  attend  the  secretion  of  the  gastric  juice. 

Secrdian  of  the  Gmtric  Juice, 

As  the  earlier  obser^'en?  were  unacquainted  with  the  laws 
which  re^ilate  the  production  of  secreted  fluids  as  distin- 
gnished  from  those  which  contain  only  excrementitious 
principles,  their  idejis  concerning  the  secretion  of  the  gastrit- 
joice  were  necessarily  indefinite.  One  of  the  most  impor- 
tant facts  developed  by  Beaumont  was  that  the  normal  sol- 
Tent  fluid  of  the  stomach  i*;  only  produced  in  obedience  to 
the  stimulus  of  food,  during  the  natural  pi-ocess  of  digestion^ 
Be^nt  advances  in  physiological  chemistrj^  have  enabled  ex- 
perimenters to  correct  many  errors  in  the  observations  of 
Beaumont  concerniiig  the  properties  and  action  of  the  gastric 
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juice,  but  his  de&crij>tions  of  the  phenomena  which 
paBV  its  secretion  have  been  repeatedly  Teritied, 

During  the  intervak  of  digestion,  the  muctjns  membrana 
is  comparatively  pale,  **and  h  constantly  covered  with  a 
very  tliiiij  transparentj  viscid  mncut?,  liniug  the  wliole  ttn 
terior  of  the  organ," '  On  the  application  of  any  imtatioii, 
I  jr.  letter,  on  the  introdnction  of  food,  the  menibmae 
changes  its  appearance.  It  now  becomes  red  and  toi^id 
with  blood ;  small  pellucid  points  begin  to  appear  in  vaiiooft 
parts,  which  are,  in  reality,  dn^ps  of  gastric  jnioe ;  and 
gradually  increase  in  eize  until  the  fluid  trickles  down 
ddee  in  Bmall  Btreains*  The  membrane  is  now  invarialily 
of  a  f^trongly  acid  reaction,  while  at  other  times  it  m  either 
neutral  or  faintly  allEaLine.  The  tliin  watery  fluid  thaB 
produced  is  the  true  gastric  juice.  Though  the  gtomach 
may  contain  a  clear  fluid  at  other  times,  tlm  is 
ftbnomial,  *\e  but  slightly  acid,  and  does  not  poasesa 
laarked  solvent  properties  characteristic  of  the  natural  secn^ 
tiun.  It  has  been  shown  by  Beaumont,  Mid  his  observations 
have  been  repeatedly  confimied  by  experiments  on  the  infe- 
rior animals,  that  the  gastric  juice  is  secreted  in  greatest 
quantity,  and  f possesses  the  most  powerful  solvent  properties, 
when  food  has  been  introduced  into  the  stomach  by  the  nut* 
iiral  process  of  deglutition-  Under  these  circum&tances  tlie 
stiniulatiou  of  the  mucous  membrane  is  general,  and  secre- 
tion takes  place  from  the  entire  surtlace  capable  of  pro- 
ducing the  fluid.  When  any  foreign  substance,  as  the  gum- 
elastic  tube  used  in  collecting  the  juice,  is  introduoed,  the 
stimulation  is  local,  and  the  flow  of  fluid  is  compamtiv^y 
ilight/  It  has  l>een  also  observed  that  the  quantity  imme- 
Jiately  secreted  on  the  introduction  of  food,  after  a  long  tail, 

*  In  e&tle&Toring  to  obtain  th«  pure  g^trie  j^&t^  Bmmmi  inlrfrducfld  i 
f!titr]-<^t«stiG  tub«  into  the  Atomajcb  m  tb«  morning,  when  the  ofgau  wm  eoiiitJj 
cmptv.  Obtaioed  ia  thia  ^^j^  it  atiray$  required  ten  or  fifl««n  mlniiies  to  ooUeot 
Ifhjni  out!  liud  ■  half  to  two  ounces  of  fluid.    {Op.  eit  f  p.  10€.) 
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b  AlwajB  mneh  greater  than  when  food  has  been  taken  after 
the  ordinary  interval- 

While  natural  food  ia  undoubtedly  the  proper  stimulua 
for  the  fitomachj  and  while,  in  nonnal  digestioHj  the  quantity 
of  gastric  juice  h  perfectly  adapted  to  the  work  it  has  to 
perfonnj  it  has  been  noted  that  savory  and  highly  seasoned 
articled  generally  produce  a  more  abundant  secretion  than 
those  which  are  ccrtiipamtively  insipid.  An  almndant  seere* 
tion  is  likewise  excited  by  souie  of  the  vegetable  bitters.  It 
wiifi  observed  by  Blondlot  that  the  effects  of  alkalies  and  acids 
upon  the  secretion  were  entirely  opposite,  lie  etiites^  m  a 
general  proposition  founded  on  experiment^j  that  while  acids 
retard  digestion,  the  action  of  alkalies  is  always  tt3  produce  a 
great  increase  in  the  quantity  of  normal  gastric  juice  J  He 
u\m  makes  the  general  statement  that  alkalies  promote  the 
fiow  of  acid  secretions^  and  vice  versa  ;  supposing,  on  tliia 
principle,  that  the  saliva  tentls  to  stimulate  the  flow  of  the 
gastric  juice,  and  the  acid  secretion  from  the  stomach,  passing 
into  the  intestines^  stimulates  tbe  flow  of  the  alkaline  fluids 
poured  into  this  part  of  tlie  alimentary  cannb  Of  the  fact 
that  alkalies  specially  stimulate  the  gastric  mucous  membrane 
there  can  be  no  doubt ;  and  it  is  probable  that  an  abundant 
flow  of  saliva  and  it^  thori>ugh  incorporation  with  the  fotid 
exerti^  in  this  way,  au  important  influence  upon  stomach- 
digestion. 

Impressions  made  on  the  nerves  of  gustation  have  a 
rked  influence  in  exciting  the  acti<>n  of  the  mucous  mem- 
brane of  the  stomach,  Blondlot  found  that  sugar,  introduced 
into  the  t?tomach  of  a  dog  by  a  fistula^  produc:?J  a  flow  of 
juice  much  less  abundant  tlian  when  the  same  quantity  was 
taken  by  the  mouth.  To  convince  himself  t!mt  this  did  not 
depend  on  the  want  of  admixture  with  the  alkaline  saliva, 
he  mixed  the  sugar  with  saliva  and  passed  it  in  by  tlie 
figtnla,  when  the  same  difference  was  observed.'    It  is  a  cn- 


rions  fact  that  m  some  animak,  parti ciilarly  when  tliey 
very  Uungry,  tUe  dgLt  and  odor  of  food  wiU  mduce  seer 
of  gastric  juice/ 

The  gasbic  juice  is  probably  one  of  the  most  &eiiigitiv*e 
the  secreted  fluids  to  disturbing  inlluences.  It  was  reinarb 
by  Beaumont  that  a  febrile  conditioD  of  the  system^  tlie 
preasion  resulting  from  mi  excess  in  eating  or  drinking,  an^ 
even  purely  mental  conditions,  such  m  anger  or  fear,  Tit 
ated,  di  minified  J  and  sometimes  entirely  &u|ipre^.st*d  the  B&i 
d^etiott  of  the  stomach.    At  some  times  tlie  mucous  meni* 
bi^ne  became  red  and  dry,  and  at  others  it  wm  pale  aad 
moist,    In  such  morbid  conditions,  it  is  stated  that  drinks 
were  immediately  absorbed,  but  that  food  remained  in 
stomach  undigested  for  twenty-four  or  forty-eight  hourti/ 

It  has  also  been  stiown  by  Bernard  and  others  that  vari 
ous  foreign  substanws  circulating  in  the  bLxMl  readily  pass 
into  the  gastric  juice ;  and  tliat  in  eases  of  organic  dlijeiifie 
of  the  kidneys,  and  in  animals  in  which  the  kidneys  ha?© 
been  extii*patcdj  urea  h  for  a  time  eliminated  by  the  mu- 
cous menjbrane  of  tlie  Btomaclu  The  secretion  is  al 
arrested  by  inflammation  or  active  irritation  of  the  mm 
membrane. 

The  influence  of  the  nerrous  system  on  the  socretioa 
gastric  juice,  exerted  particularly  through  the  pile 
trie  nerve,  is  very  marked  and  important,  but  its  con&idi 
tion  belongs  properly  to  the  section  on  the  nervous  systeii 

After  the  food  baa  been  in  part  liquefied  and  absorbed 
and  in  part  reiluced  to  a  pultaceous  consistence,  the  secre- 

'  Tbci^  is  consyerible  difference  m  diilfei^Dt  dogs  m&  regmrdfl  Uie  &Hlitj  iriUi 
wUkih  tlie  flow  of  gaiitric  juio6  m&y  b«?  e£<^t4Hl..  In  ftDme^  tbe  ^tommcli  is  ffuijwir 
free  from  fluid  during  the  mten'ats  of  digeailoa,  and  the  gastric  juice  emu  ami; 
be  tnade  to  flow  by  the  idtrDduction  of  mme  dig^stlbte  artidi^.  Dr,  Oalioii  mtii^ 
tion^  an  oiaaiple  of  this  kind  {Hvman  Fhiflfiol^y^  FhiLodclphla,  1864^  pi,  ISTJ^ 
In  otber^i^  bowever,  tbe  mction  of  the  fitomaeb  is  alwaj»  ftcid,  thoiigb  it  coutMhsB 
hJirdlj  anv  fluid  dutitiir  tlie  InterTiils  of  digestion,  nn  abuiiiUiii  ^ecnptioii 
g^tric  juic«  mtkj  be  Ifiduced  by  Terr  slight  Bdmulatlon. 

*  Op.  mL,  pp.  107,  108. 
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tion.  of  gastric  juice  ceases ;  the  movements  of  the  stomach 
having  gradually  forced  that  portion  of  the  food  which  is  but 
partially  acted  upon  in  this  organ,  or  digested  only  in  the 
8ina.X3  intestines,  out  at  the  pylorus.    The  stomach  is  thus 
enti  rely  emptied,  the  mucous  membrane  becomes  pale,  its 
reaot;ion  loses  its  marked  acid  character,  and  becomes  neu- 
tral or  faintly  alkaline. 

^Shecretion  in  different  parts  of  the  SUyniach. — The  difler- 
encee  already  noted  in  the  anatomy  of  the  mucous  membrane 
of  tlie  stomach  in  different  parts  of  the  organ,  point  to  the 
important  question  of  a  possible  difference  in  the  physiolo- 
gical action  of  the  secretions  of  different  parts,  particularly 
the  pyloric  portion  and  the  rest  of  the  general  surface.  We 
learn  definitely  but  little  with  regard  to  this  point  from 
observations  on  the  inferior  animals,  unless  they  be  confirmed 
"tlae  human  subject.    The  observations,  however,  of  Kol- 
l^tei*^  Goll,  and  Donders  on  the  pig,  are  very  satisfactory, 
subsequently  were  fully  confirmed  as  regards  the  human 
^^l^^t.    It  is  well  known  that  an  acidulated  infusion  of  the 
^^oous  membrane  of  the  stomach  possesses,  if  properly  pre- 
P^i'e^J,  all  the  digestive  properties  of  the  true  gastric  juice  ; 

that  this  is  not  the  case  with  similar  infusions  of  the 
'^^Oous  membrane  from  any  other  parts.    Kolliker,  in  ex- 
P^^taaents  on  artificial  digestion  made  in  conjunction  with 
Goll,  "  on  the  gastric  mucous  membrane  of  the  pig, 
^^^*ly  showed  that  the  two  kinds  of  glands  entirely  differ  in 
''®^J>^t  of  their  solvent,  power  ;  inasmuch  as  those  with  the 
^d  cells  dissolved  acidulated  coagulated  protein-compounds 
^  very  short  time;  those  with  cylindrical  epithelium,  on 
^  ^     contrary,  either  did  7iot  operate  at  aU^  or  produced  a 
eff^ect  ordy  after  a  longer  period,^'' '    The  same  author 
^l^er  states  that  these  observations  were  confirmed  by 
p  ^^ders  and  himself  in  the  human  stomach.    In  1842,  Mr. 

.  King  noted  the  peculiar  solvent  action  of  the  fiuid 

*      *  Kolliker,  jfyiments  d'hitidogie  humaine^  Pans,  1868,  p.  626,  and  in  the 
^^^ctn  edition,  1854,  p.  608. 


from  the  cardiac  portion  of  the  stomaclu  This  part  he  foniiii 
was  always  acid,  while  in  other  parts  the  reaction  was  Tari- 
able.  He  states  tliat  after  death,  there  is  a  distinct  line  from 
the  right  gide  of  tlie  cardiac  opening  to  the  great  curvattirey 
wliich  marks  the  division  between  that  portion  which  ee- 
eretes  the  true  gastric  juice  and  has  heen  acted  upon  after 
death*  and  that  which  does  not  produce  a  solTent  fluid.* 

Although  the  character  of  the  gecretion  in  different  parts 
of  the  stomach  h  not  the  same  in  all  animals,  it  must  be  ad- 
mitted that  in  man,  the  inncous  membrane  of  the  gtomach,  in 
what  may  be  caUed  the  pyloric  zone,  does  not  secrete  the  true^ 
acid,  solvent,  gastric  juice.  In  other  words^  this  fluid  is  only 
produced  in  those  portions  of  the  stomach  in  which  the  mitcons 
membrane  is  provided  with  tubes  lined  with  cells  of  glandular 
epithelium  J  or  what  have  been  called  the  storaach-cells^ 

In  most  of  the  modem  works  on  phygiologr,  allasion  is 
made  to  the  probable  quantity  of  gastric  juice  secreted  in  tlie 
twenty *fom-  hoars.  The  estimates  on  this  point  can  be  only 
apprfixiniatire,  even  in  the  inferior  animals,  and  they  give  no 
definite  information  concerning  the  nonnal  qEantity  in  the 
human  subjects  Bidder  and  Schmidt,  Lehmann,  Corvisart, 
and  others  have  made  calculations  of  the  probable  quantity, 
either  by  collecting  the  juice  for  a  certain  time  and  multi- 
plying the  quantity  thus  obtained  by  a  number  to  represent 
the  whole  twenty-four  hours,  or  by  ascertaining  the  amount 

*  Kim^  Oh^*Tfmiimi»  on  thf  r%^V  Solvitom  of  &a  (Ekfiph^ffta^  and  m  lA#  S§- 
Hrti^ii*^  Fr^perlie9  &f  the  ht^o  Sndt  o/ike  StcfHMh,^&u^*s  Hmpitat  RepofH^Xjotk- 
doii,  1842,  T(»U  viL,  p.  147  et  jteq.  The  ob^sen-ationi  of  Mr.  Kin^,  beiag  genermllr 
upon  subjects  tbat  had  dl&d  at  iii&eiks%  not  as  deAiiLle  and  concliiiiiTe  tjt  r&u^bt 
he  desired  \  but  tbej  Talimble  {Hiafirmlag  tlie  experitnenta  of  Dr  Wilsdii 
Philip  on  rttbbitii,  who  sboweJ  tli*t  tbw  great  pouch  waf  the  only  part  whk'K 
wu  dlf^i^  post  mortem,  when  the  animals  were  ktl1«d  after  tk  full  meal  *Am 
BtpgrimeHtal  /n^'ry  inlo  the  Lttm  ^/  CA«  nal  JVmc6'om,  Lotidon,  ISStt,  fu 
IS  I),  and  othera  who  hwe  aUo  eTperimented  on  the  inferior  animakL  la  lb« 
eekbrated  paper  of  John  Hunter  on  Dtgeition  of  the  St<»ma^  ^fl^  Jha£h^  re««i 
Mbrft  the  Royttl  Bodtttt  ia  Jun^  1772,  it  was  noted  tli&t  the  »>fl«aiiif  vfti 
alwaff  8l  the  g^t  end  (  Wbrk^  FbUadelphu,  184^,  toI*  iL,  p*  147,  and  Ohmfrm- 
fti0n«  OA  mt^in  part*  of  thi  Animal  (Ecamxmjt^  Londoii,  1792^  p.  129). 
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of  fluid  required  to  digest  a  certain  weight  of  food,  and  esti- 
mating from  this  the  quantity  necessary  to  dispose  of  all  the 
food  -taken  during  the  day.  Both  of  these  methods  are  mani- 
festly incorrect.    In  the  first,  the  intermittency  of  the  secre- 
tion is  not  taken  into  account ;  and  in  the  second,  it  is  incor- 
rectly assumed  that  digestion  out  of  the  body  is  accomplished 
precisely  as  it  takes  place  in  the  stomach. 

Dr.  Beaumont  was  sometimes  able  to  collect,  in  from  ten 
to  fifteen  minutes,  two  ounces  of  pure  gastric  juice,  simply 
by  the  stimulation  produced  by  the  gum-elastic  catheter  used 
in  the  operation ;  but  he  expressly  states  that  in  this  case 
part  of  the  mucous  membrane  is  excited  to  secretion, 
while  the  flow  is  very  much  increased  by  the  introduction 
of  food  by  the  mouth,  which  produces  a  general  excitation 
of  the  secreting  membrane.    Assuming  that  two  ounces  can 
^  collected,  under  the  most  favorable  circumstances,  in  ten 
minutes,  and  that  stomach-digestion  continues  for  two  horn's,' 
the  quantity  secreted  during  the  digestion  of  an  ordinary 
meal  would  amount  to  twenty-four  ounces.   When  we  con- 
sider that  the  natural  stimulus  of  food  produces  a  general 
^®^^tion,  amounting  to  at  least  three  or  four  times  that  pro- 
duced by  the  simple  introduction  of  the  catheter,  and  that  it 
^  manifestly  impossible  to  collect  all  that  is  secreted,  even 
^hen  nothing  but  the  catheter  has  been  introduced,  it  is 
®^dent  that  the  entire  quantity  of  gastric  juice  secreted 
during  the  digestion  of  a  single  meal  must  be  very  large ; 
aniounting,  at  a  very  moderate  estimate,  to  from  eight  to 
pounds.    Estimates,  therefore,  like  those  of  Bidder  and 
ochnciidt,  which  put  the  quantity  of  gastric  juice  secreted  in 
twen-ty-fotir  hours  by  a  healthy  man  of  ordinary  size  at  six 
"^otise^iid  four  hundred  grammes,  or  about  fourteen  pounds,' 

^^^^       Urteflt  published  obsenrations  on  St  Martin,  by  Professor  F.  G.  Smith, 
^^^4dphia,  it  a  stated  that  in  no  case  docs  the  food  remain  in  the  stomach 
JJ^*^  ^ii«n  two  hoars. — (JSq)hienee9  tur  la  BigettUm, — Journal  de  la  Pkysiologk^ 
XC58,  tome  i.,  p.  146.) 
^*BiiASN,  Phiftioloffical  Chemi$liyy  Philadelphia,  1865,  vol.  ii.,  p.  520, 
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are  probably  not  exaggerated,  though  they  are  of  ueceedtf  I 
merely  approximative/ 

Tills  enoraious  quantity  of  fluiti  daily  secreted  by  the 
mucotis  membrane  of  the  atoinacli  would  excite  surprise  were 
it  not  considered  that  after  thb  fluid  has  performed  its  offline 
in  digeatioUj  it  is  immediately  reabsorbed,  and  but  a  ^mall 
qimntity  of  the  secretion  e^cists  iu  the  stomach  at  any  Odei 
time.    During  digestion,  a  circulation  of  material  is  going 
ou,  iii  whicli  the  stomach  is  continually  producing,  out  of 
materials  furuislied  by  the  bLxMi^  a  lliiid  which  liquefies  eer-i 
taiu  elemeut^^of  tlie  food^and,  as  fast  as  this  is  accomplished, . 
is  absorbed  again  by  tlie  btoodj  together  with  the  principle 
that  have  been  thus  digested. 

Camjm  'dion  of  ihs  Gmtric  Juice. 

The  gastric  juice 'm  mixed  in  the  stomach  with  moi^H 
less  mucus  secreted  by  the  lining  membrane.  When  dinl 
by  a  fistula,  it  generally  contains  particles  of  food  which  haT^ 
become  triturate<i  and  partially  disiDtcgrated  in  the  mouthy 
and  is  always  minted  ^ith  a  certain  quantity  of  salt va  which 
swallowed  during  the  interrak  of  digestion,  as  well  m  whea< 
the  stomach  is  in  a  state  of  functional  activity*  By  adopting' 
certain  precautions,  however,  the  fluid  may  be  obtained 
nearly  i'ree  from  impurities,  except  tlie  admixture  of  saliva* 
The  juice  taken  from  the  stomach  during  the  first  momenta 
of  its  secretion,  and  separated  from  mucu^  and  foreign  mat- 

'  In  m&ny  works  on  physiology,  the  question  of  th^  quKntity  of  |^§tri«  joiot 
eecrcted  is  rery  fblly  discussed,  in  the  etise  of  gftstric  fisiok  la  «  Ibniki' 
■Im^y  referred  lo  (see  p.  177),  the  quaritity  of  fluid  secreted  m  tireiitj4lMir  ham4 
was  estiniat^t  frr»tQ  direct  obserrttlionfl,  at  EDore  thntt  one-f^j^irth  tbe  wctglil  of  Ub* 
body.  {^nmiVft^  Ifther  die  Con^UiitHm  di*  mentchliiAm  Ma^mfUt^ — Axm^tm 
dtr  Vhemu  und  Pharmodc^  Heidi;lberg,  1854,  fid.  ±cll^  B,  4S.)  In  tbis  Qw>e»  it 
wms  eatiiDate«!  that  uinrly  nine  thousand  gtaina  were  secreted  In  an  hoar,  Uil  tiiH 
calcuktloQ  fur  tha  twcttty-four  hours  was  made  from  tills  qutadlj.  It  is  net 
iliown  tint  Ibc  Ouid  thus  collected  was  normali  estber  In  qii«iitlty  or  qtimlity ;  anil 
etm  if  il  were,  it  Is  iucofrect  to  supiKisc  tb«i  it«  pipodtictlon  in  «uch  qiMnMtf 
eoQtbtiei  during  tbe  tvctity'four  hour^.  These^  and,  Indeed,  all  oth^  atimileii 
Viiiit  on  llie  mum  pnn«i^ipie,  nre  cuUtied  to  but  little  cousidec^tion. 
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ters  l)y  filtration,  is  a  clear  fluid,  of  a  faint  yellowish  or 
amber  tint,  and  possessing  little  or  no  viscidity.  Its  reac- 
tioix  is  always  strongly  acid ;  and  it  is  now  a  w^ell  established 
tact  that  any  fluid,  secreted  by  the  mucous  membrane  of  the 
stomach,  which  is  either  alkaline  or  neutral,  is  not  the  nor- 
gastric  juice.* 

The  specific  gravity  of  the  gastric  juice  in  the  case  of  St. 
Mai-tin,  according  to  the  observations  of  Beaumont  and  Sil- 
litnan,  was  one  thousand  and  five;'  but  later.  Dr.  F.  G. 
Smith  found  it  in  one  instance,  one  thousand  and  eight,  and 
in  another  one  thousand  and  nine.'  There  is  every  reason 
to  suppose  that  the  fluid,  in  the  case  of  St.  Martin,  was  per- 
fectly normal,  and  from  one  thousand  and  five  to  one  thou- 
^tid  and  nine  may  be  taken  as  the  range  of  the  specific  grav- 
ity of  the  gastric  juice  in  the  human  subject.  There  is  un- 
doubtedly considerable  variation  as  regards  sjiecific  gravity 

tte  inferior  animals.  In  the  dog,  it  has  been  usually 
found  by  Dalton  as  high  as  one  thousand  and  ten.* 

The  gastric  juice  is  described  by  Beaumont  as  inodorous, 
^heTi  taken  directly  from  the  stomach ;  but  it  has  rather 

a.Tomatic  and  a  not  disagreeable  odor  when  it  has  been 
for  some  time.  It  is  a  little  saltish,  and  its  taste  is  sim- 
^lar  « thjn^  mucilaginous  water  slightly  acidulated  with 
^^i^atic  acid."*  The  gastric  juice  from  the  dog  has  some- 
^^^Hg  of  the  odor  peculiar  to  this  animal. 

It  has  been  found  by  Beaumont,  in  the  case  of  the  human 

^        the  gastric  juice  of  the  dog  is  the  fluid  generally  used  in  experiments, 
I>voper  to  state  that  its  reaction  is  always  more  strongly  ajid  than  the  fluid 
.         Xhe  human  subject.    It  is  unnecessary  to  discuss  the  opinions  of  physiolo- 
^J^*®  uterior  to  the  time  of  Beaumont,  who  disputed  with  regard  to  the  reaction 
solvent  fluid  of  the  stomach,  as  they  had  no  means  of  deciding  what  was 
^  **^e  gastric  juice. 

XBEAnfONT,  Obiervatwru^  eic.^  p.  81. 
,  G.  Surra,  JEjcpMenets  hur  la  Digeiiion. — Journal  de  la  Physiohgie^  Paris, 

tome  i.,  pp.  149,  162. 
X)alton,  On  the  Gaairie  Juicfy  and  its  Office  in  Digeeiion, — A  merican  Jour* 
the  Medical  ScieneeSy  October,  1854,  p.  816. 
*   Op.  eit.,  p.  86. 
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subject,  and  by-  others  who  have  experimeuted  on  the  gastrie 
juice  of  the  lower  animals,  that  this  fluid,  if  kept  in  a  weU- 
stopped  bottle,  will  retain  its  chemical  and  physiological 
proi>erties  for  an  indefinite  period.  The  only  change  which 
it  undergoes  is  the  formation  of  a  pellicle,  consisting  of  a 
vegetable  confervoid  growth,  upon  the  surface,  some  of 
which  breaks  up  and  falls  to  the  bottom  of  the  vessel, 
forming  a  whitish,  flocculent  sediment.  TTe  have  now  a 
specimen  of  gastric  juice  which  was  taken  from  a  dog  with  a 
gastric  fistula  in  January,  1S62.  It  has  no  putrefactive  odor, 
and  is  apparently  in  the  same  condition  as  when  it  was  fir&t 
drawn.  In  addition  to  this  remarkable  faculty  of  resisting 
putrefaction,  this  process  is  arrested  in  decomposing  animal 
substances,  both  when  taken  into  the  stomach  and  when  ex- 
posed to  the  action  of  the  gastric  juice  out  of  the  body. 

There  are  on  record  no  minute  quantitative  analyses  of 
the  hmnan  gastric  juice,  except  those  by  Schmidt,  of  the 
fluid  from  the  stomach  of  a  woman  with  gastric  fistula  ;  *  and 

'  For  analyses  by  Schmidt  of  two  specimens  of  gastric  juice  taken  from  the 
stomach  of  this  woman,  see  Milne-Eowabds,  Lefont  «wr  U  Fhynoloffit^  Parii, 
1862,  tome  viL,  p.  42. 

In  nine  analy-^es  of  the  gastric  juice  of  the  dog,  when  the  saliva  had  been 
previously  shut  off  from  the  alimentary  canal.  Bidder  and  Schmidt  found  the  fol- 
iowing  to  bf  the  mean  c3-nposition  (Die  Vcrdauungstiftf^  Leipzig,  1852,  S.  61): 

TaUf  of  S»Ud  Contfiiuenls  o  f  (he  Gastrie  Juiee  of  the  Dog. 


Ferment,  etc   1 7-127 

Free  hydrochloric  acid   8"(ttO 

Chloride  of  pous<ium   1*125 

Chloride  of  sodium   2-5i»7 

Chloride  of  calcium   0-624 

Chloride  of  ammonium   0-46S 

Phojtphate  of  lime   1  -729 

Phosphate  of  ma^e^ia   0*326 

Phosphate  of  iron   0*082 


26*938 

In  another  series  of  three  experiments,  in  which  the  salira  wait  allowed  to 
pass  into  the  stomach,  the  proportion  of  free  acid  was  2*337,  and  the  proportkn 
of  organic  matter  was  somewhat  increased.    ( Op.  ciL,  p.  70.) 
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in  this  case  there  is  reason  to  suppose  that  the  secretion  was 
not  normal.    The  analysis  of  the  gastric  juice  of  St.  Martin 
by  Berzelius  was  not  minute.    The  analyses  of  Schmidt  give 
less  tlian  six  parts  per  thousand  of  solid  matter;  while  Ber- 
zelius found  over  twelve  parts  per  thousand.    In  all  the 
comparatively-recent  analyses,  there  have  been  foimd  a  free 
acid  or  acids;  a  peculiar  organic  matter,  generally  called 
pepsin ;  and  various  inorganic  salts,  among  which  may  be 
mentioned  as  most  important,  the  chlorides  of  sodium,  po- 
tassium, and  calcium,  with  the  phosphates  of  lime,  mag- 
^^ia,  and  iron.  Of  these  constituents,  the  salts  possess  little 
physiolc^cal  importance  compared  with  the  organic  matter 
the  acid  principles. 

Organic  Principle  of  the  Gdstric  Juice, — This  principle, 
^^^ed  pepsin  or  gasterase,  is  an  organic  nitrogenized  body, 
I^nliar  to  the  gastric  juice ;  and,  as  we  shall  see  farther  on, 
^  essential  to  its  digestive  properties.  When  the  gastric  fluid 
first  obtained,  even  by  the  imperfect  methods  employed 
*^terior  to  the  observations  of  Beaumont  and  of  Blondlot,  an 
^'IKB.Tiic  matter  was  spoken  of  as  one  of  its  constituents.  In 
the  i^ough  analyses  given  by  Leuret  and  Lassaigue,  in  1825, 
^      animal  matter  soluble  in  water  "  is  mentioned ; '  Tiede- 
^^rkTi  and  Gmelin  speak  of  "  an  animal  matter  insoluble  in 
but  soluble  in  water,"  which  they  regarded  as  sali- 
vary matter,  and  another  animal  matter,  soluble  in  alcohol 
JP^'^^zome) ; '  and,  finally,  in  a  letter  to  Dr.  Beaumont,  Dr. 
^^glison  states  that  in  conjunction  with  Professor  Emmet, 
^  ^lx«  University  of  Virginia,  he  found  in  a  specimen  of  gas- 
juice  taken  from  St.  Martin  "  an  animal  matter,  solu- 
in  cold  water,  but  insoluble  in  hot." '    This  principle 


^  ^  ^  X^EURR  ET  Lassaigkk,  Rtcherchen  Phytiologiqws  et  Chimiquea  pour  tervir 
"^^•lofr*  de  la  Digettion,  Paris,  1826,  p.  113. 

"^udemavn  it  Gmslin,  Recherchn  Experimtntalei  Phyticlogiques  et  Chi' 
^^•«s»  tnr  la  DigetHon^  Paris,  1827,  premiere  pjrtie,  p.  168. 
^       X^BATTMOifT,  ExperimenU  and  ObBervoHawi  on  (he  Oastrie  Juiee^  and  the  Phy- 
of  Uiffetthn,  Plattaburg,  1883,  p.  78. 
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wns  not  mentioned  hy  the  aathors  just  cited  as  e^uiial 
the  solvent  action  of  the  ga^ic  juice ;  but  experimetits 
artificial  dige&tlve  fluids  bj  Eberle,  Seliwann  and 
Wasmaaii,  and  utbers,  demon&traied  tliat  acidulated  i 
dong  of  the  mneoug  membrane  of  the  stomaeli^  poesee&tog  all 
the  phyglologieal  properties  of  tbe  gastric  jaice^  oontatned 
an  oi]ganic  matterj  first  isolated  by  Wajamann,  on  whicJi  the 
solvent  powers  of  these  acid  fluids  seemed  to  depend-  The 
experiments  of  Schwann  and  Miiller  upon  the  action  of  aiti- 
fieial  digestive  fluids  are  very  interesting,  and  corrected  the 
mistake  made  by  Eberle,  who  enppoged  that  an  orgame  sub* 
stance,  with  the  same  properties  as  that  made  from  the  stoni- 
aeh,  fould  lie  extracted  from  any  of  the  mncous  membnmesw* 
Mialhej  who  has  obtained  this  substance  in  great  purity  by 
the  ppcKce^s  recommended  by  Yogel,  describe=i  the  tbllowiug 
prcjperties  as  characteristic  of  the  organic  matter  in  artiSeial 
gastric  juice.  Dried  in  thin  gHces  on  a  plate  of  glass,  it  is  in 
the  form  of  email,  graTrishj  translucent  scales,  with  a  faint 
and  peculiar  odor,  and  a  feebly  bitter  and  nauseous  ta^te. 
It  is  soluble  in  water  and  in  a  weak  alcoholic  mixture^  but  is 
insoluble  in  absolute  alcohoh  A  solution  of  it  is  reudemi 
somewhat  turbid  by  a  temperature  of  212*  Fahr.,  'but  it  is 
not  eoagnlatedj  though  it  loses  its  specific  proi>erties.  It  is 
not  aflected  by  acids^  but  is  precipitated  by  tannin,  crwsote^ 
and  a  great  number  of  the  metallic  salta.*  This  gubstanct^ 
difigolved  in  wnter  sbghtly  acidulated  possesses,  in  a  veir 
marked  degree,  the  peculiar  solvent  properties  of  the  ga^c 
juice ;  but  it  has  been  found  by  Pay  en  and  Mialbe  not  to  be 
so  active  as  the  principle  extracted  from  the  gastric  jmm  it- 
self, which  is  described  by  Payen  imder  the  name  of  gas- 
terase.*    In  the  abattoirs  of  Paris.  Mialhe  collected  from  the 

'  ItUELLES,  Msmud  4e  f%if$uU^^^  traddt  par  JonnUa,  Vmrn^  Xome  i, 

^  S9. 

^         loroe  iv'iL,  p,  ft&4  d  *ff. 
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lecreting  stomachs  of  calves  as  they  were  killed,  from  six  to 
ten  pints  of  gastric  juice ;  and  from  this  he  extracted  the 
pure  pepgin  hy  the  process  recommended  by  Payeu,  which 
consiBta  merely  in  one  or  two  precipitations  by  aleohoL  This 
substance  he  found  to  be  identical  with  tlie  principle  obtained 
by  Payen  from  the  gastric  juice  of  the  dog.  Its  action  upon 
albuminoid  matters  was  precisely  the  same  as  that  of  pepsin 
extracted  from  artificial  gastric  juice,  except  that  it  was 
more  p4jwerfuL 

Sauree  qf  the  Aaidii^  of  ihs  GmtHa  Juice, — ^Eeaumnr 
and  Spallanzani  recognised  that  the  fluid  from  the  stomach 
basL  at  certain  times,  an  acid  reaction;  and  snbsequent  oV 
ieiTfttions  have  confirmed  tliis  fact,  anrl  shown  that  this  re- 
action is  invariable  during  digestion.  But  although  the  most 
distingui^^lied  and  skilful  chemists  of  the  day  have  attempted 
to  ascertain  the  source  of  this  acidity,  from  Prout,  in 
to  Blondlot,  in  1858,  embracing  Leu  ret  and  Lassaigne,  Tiede- 
mann  and  Gmelin,  Berzelius,  Chevreuil,  Bidder  and  Schmidt, 
Dumas,  Lehniann,  Bernard  and  Barreswil,  with  a  host  of 
others,  the  question  has  not  yet  received  a  solution  which  is 
generally  accepted.  It  would  be  inconsistent  with  the  plan 
of  this  work  to  discuss  all  the  opinions  which  have  from  time 
to  time  been  expressed  upon  this  subject,  or  to  attempt  to 
criticise  the  various  process^  employed  by  different  chemists 
in  the  analjg^  they  have  brought  forward  in  support  of  their 
views.  The  discussion  will  be  confined  to  the  question  of 
the  existence  of  one  or  more  of  three  acid  principles ;  viz*, 
free  hydrochloric  acid,  tree  lactic  acid,  and  the  acid  phos- 
phate of  lime. 

In  1828,  Prout  examined  the  fluid  from  the  stomachs  of 
rabbits  which  had  been  fed  a  short'  time  before  death,  and 
demonstrated,  apparently,  the  presence  of  free  hydrochloric 
acid.  The  method  employed  in  these  analyses  was  to  estimate 
in  a  certain  portion  of  a  watery  extract  of  the  contents  of  the 
stomach  the  total  amount  of  fixed  chlorides  (or  muriates  as 


they  were  then  called);  ia  another  portioa,  tlie  total  amomit 
of  li ydroclilorie  acid^  both  free  and  eambLned  5  and  in  viodier 
the  total  amount  of  fvet  acid.  Bj  this  process,  the  estimate 
for  the  free  acid  was  corrected  bj  gtibtracting  the  estimated 
proportion  of  fixed  acid  from  the  proportion  of  acid,  £ree  and 
combined*  An  abundance  of  hydrocldoric  acid  was  also  in- 
dieated  by  Prout  in  the  acid  matters  Toinited  in  certaio  caaeft 
of  dyspepsiH** 

The  method  made  n&e  of  by  some  of  thoee  who  profeas  to 
have  found  free  hydrochloric  acid  in  the  gastric  jaioe  has 
been  to  subject  the  liuid  to  distillation^  testli^  the  acid  flaid 
wliich  passes  over,  with  nitrate  of  silver.  This  was  the 
method  employed  hj  DungUson  and  Emmet ;  *  Lot  the 
ex])eriments  of  Bernard  and  Barreswil  on  the  gastric  joioe 
from  dogs,  and  the  more  recent  observations  of  Dr.  F.  G, 
Smith  on  the  gastric  jnice  &om  St.  Martin,  liave  jghonni  thai 
tHa  process  ib  really  of  little  value.  The  foUowiiig  observa- 
tions by  Bernard  and  Ban'eswil  &how  conclusively  that  al- 
tliough  hydrochloric  acid  may  be  obtained  fipom  gastric  juice 
bv  distillation,  it  does  not  nec^sarily  exist  in  the  fluid  in  a 
tree  state ;  a  verj^  important  consideration  in  a  questioii  in 
which  every  thing  depends  upon  the  absolute  accuracy  of 
mo<les  of  analyses : 

In  eubjecting  the  gastric  juice  of  the  dog  to  distill atiun 
at  a  low  temperature,  with  all  the  necessary  precautions,  it 
wais  found  that  the  first  products  did  not  pre^nt  an  acid  re- 
act ion.  It  was  at  first  thought  that  tlib  would  be  ground 
for  the  exclue^ion  of  hydrochloric  acid,  which  ii*  considered  lo 
l>e  volatile ;  but  it  was  found  that  in  the  distillation  of  water 
which  had  been  slightly  acidulated  with  hydrochloric  acid, 
tlie  fii^t  products  were  neutral,  and  tbe  acid  was  only  diaeti- 
gaged  in  the  fluid  which  passed  over  toward  the  last  periods 

*  pROi?T,  On  (he  XatHTt  of  thi  Add  and  SaUne  MaUert  uatall^  eriMUmff  m  lAf 
BtrnnaehM  if  AnhftaU  ;  r^d  Dec.  II,  U^,~~FMhmj3kif<ai  TmnmdioHM^  Loiuksi, 
p. 

'  BiAtuiorr,  op,  dk,  p.  ?S« 


80UBCE  OF  THE  ACIBITY  OF  TOE  GASTEIO  JUICE,  239 

of  the  process.  In  again  distilling  tlie  gastric  juice,  it  was 
found  that  the  product  was  neutral,  pi-eaenting  no  precipitate 
with  tlte  nitrate  of  silver^  until  about  four-filtha  of  Uie  fluid 
had  passed  over;  that  afterwtvrd,  the  fluid  which  passed  over 
waa  distinctly  acid,  but  did  not  precipitate  mth  the  salts  of 
silver;  and  "finaUyj  only  toward  tlie  last  instants,  when 
there  only  remained  a  tew  drops  of  gastric  juice  Ui  evaporate, 
the  acid  liquid  which  was  produced  gave  a  marked  precipi* 
tate  with  the  salte  of  silver,  which  was  not  dissolved  by  con- 
oentrated  nitric  acid."  *  It  was  found  that  the  addition  to 
the  ga^ric  juie^  of  a  rnnnll  quantity  of  oxalic  add  produced 
a  marked  opacity  due  to  the  ibmiation  of  the  insoluble  oxa- 
late of  lime,  while  an  equal  quantity  of  the  same  reagent 
produced  no  opacity  iu  water  contaimng  a  proportion  of  two 
thousandth.^  of  hydi'ochloric  acid,  to  which  chloride  of  cal- 
eimn  had  been  added.  From  this  experiment,  Bernard  cou- 
eluded  that  the  hydrochloric  acid  in  the  gastric  juice  exista 
ID  the  condition  of  a  chloride,  and  not  in  a  free  state. 

Prof.  F.  G,  Smith,  who  had  an  opportunity  of  examining 
the  gastric  juice  from  St.  Martin,  in  1S56,  took  the  fluid  from 
the  stomach  after  two  ounces  of  dry  bread  had  been  chewed 
and  swallowed,  and  subjected  it  to  distillation.  The  first 
fluid  which  passed  over  was  neutral,  and  the  residue,  after 
tlie  temperature  had  been  somewhat  raised,  produced  a 
ilight  precipitate  with  the  nitrate  of  silver,  which  was  solu- 
ble iu  ammonia.  In  another  experiment,  a  mixture  of  lactic 
aeid  and  chloride  of  ^dium  in  solution  was  subjected  to  dis- 
tillationy  and  the  product  formed  a  slight  precipitate  with  tlie 
nitrate  of  silver.  The  precipitation,  in  this  instance,  was 
attributed  to  the  pai^sage  of  a  small  quantity  of  chloride  of 
sodium  1^^th  the  vapors^  and  it  is  to  this,  also,  that  he  attrih- 
ntm  the  opalescence  of  the  products  of  distillation  of  the 

*  BEit3£ABD,  LefonJi     Phi/Bwloffie  Eiperunental^^  Partly  1850,  t^nw?  il,  P-  ; 
ttnd  Bats  AMD,  ViLLE»A5CEts  IT  BAttRRSWit,  Sur  U»  Phhrntihin  Vhimiqtm 
fa  (deoxltoe  tiliiiiolni). —  Comptet  RendttXi  Pam,  1844^  tome  iii-, 
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gastric  jnice,  when  treated  with  the  nitrate  of  silver  J  Theee 
experiments  are  of  great  interest  in  so  far  as  they  conlirin 
the  observations  of  Bemai'd,  Yillefranchej  and  Barreswil  on 
the  gastric  juice  of  the  dog< 

The  experiments  of  Lehmann  on  this  point  are  even  more 
conclusive.  He  found  that  pure  ga^ti-ic  juice,  when  evapo- 
rated in  vamo^  develops  hydrochloric  acid  ;  but  he  also 
found  tliat  chloride  of  calcium  is  decomposed  during  evapo- 
ration with  lactic  acid  in  vacm^  and  attributes  thegeueration 
of  hydrochloric  acid  in  the  gastric  juice  to  the  decompi>sition 
with  this  saltj  and  not  the  chloride  of  ©odiumj  as  was  thought 
by  Bernard,  Villefmnche,  and  Barreswil/ 

Tliese  obiiervations  explain  perfectly  the  prcBcnce  of 
hydro(.4iloric  acid  in  liquids  obtained  by  diatilktion  of  the 
gastric  juicej  without  supposing  tlxat  tliis  acid,  in  a  free  state, 
is  one  of  its  normal  constituents.  But  this  is  not  the  i>nly 
ground  on  which  the  opinion  that  the  hydrochloric  is  the 
free  acid  of  the  gastric  juice  is  baaed.  Physiologists  of  the 
present  day  who  hold  to  tliis  view  rely  chiefly  on  the  re^ 
cent  examinations  of  the  gastric  juice  of  the  dog  by  Bidder 
and  Sclunidt  It  remains  now  to  me  whether  the  observa- 
tions of  Schmidt,  which  apparently  demonstrate  the  exist- 
ence of  a  proportion  of  chloriiie  not  to  be  accounted  for  ex- 
cept under  the  supposition  that  it  exists  in  the  form  of  free 
hydrochloric  acid,  are  conclusive,  when  opposed  to  the  facts 
which  are  supposed  to  be  inconsistent  with  the  existence  of 
free  hydroehloric  acid  in  the  gastric  seci^etion.  The  method 
employed  by  Bidder  and  Schmidt  is,  in  brief,  the  following : ' 

The  juif?e  was  taken  from  dogs  that  had  been  fasting  for 
from  eighteen  to  twenty  hours,  the  food  having  previously 
been  either  animal  or  vegetable,  the  gastric  juice  in  hAh 
cases  being  identical.    To  prevent  the  admixture  of  saliva, 

^  F,  Smith,  Expcrimtm  iurla  IHfft8^n.-^tmm3l  de  h  Fk^fdolo^ie^  PaHs, 
IS5S,  tomo     p.  149  H  »eq. 

■  Lkhmann,  Fhifmoioj^md  Chemidrj/^  rhiladelpbiii,  1855»  vol.  i.,  p,  93, 
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mil  the  salivarv  ducts  were  tied  before  the  fluid  was  taken 
If 

from  the  stomach, 

The  lirst  step  was  to  take  about  one  hundred  graromes  of 
cold  gaetrie  juice^  strongly  acidulated  with  nitric  acid,  and 
precipitate  it  with  nitrate  of  silver*  The  cliloride  of  silverj 
free  from  organic  u]i:xture5  was  tlien  separated  bj  filtration 
and  weighetlj  the  total  quantity  of  chlorine  being  calculated 
therefrom,  At^er  having  precipitated  the  excess  of  the  salt 
of  silver  in  the  filtered  fluid  hy  hydroehloric  acid,  tbe  liquid 
was  calcinated  in  a  porcelain  Tee&el,  and  the  t^tal  quantity 
of  ba^  estimated.  Having  thus  obtained  the  proportion 
of  bases  and  the  total  quantity  of  chlorine,  it  is  evident 
that  if  this  quantity  be  more  than  sufficient  to  Batnrate  the 
bases^  the  chlorine  mmt  exist  in  gome  other  form,  which 
IB  supposed  by  Schmidt  to  be  that  of  hydroehloric  acid.  It 
wm  tbund,  indeed,  that  the  quantity  of  chlorine  was  greater 
th  an  the  equivalent  of  the  hashes  ei^^timated* 

The  Eecond  j^tep  was  to  determinCj  hy  i^ahirating  the  acid 
of  the  gastric  juice  with  pot^ssa,  lime,  or  barj'^ta,  the  prc^por- 
tion  of  free  acid.  It  was  ibund  by  tliis  process  that  the 
quantity  of  free  acid  nearly  con*e?prmded  with  the  excess  of 
chlorine  over  the  quantity  estimated  as  combined  with  bases 
in  the  previous  experitaent. 

In  tliis  process,  the  ammonia  is  necessarily  lost  during 
calcination;  but  in  subsequent  experiments,  this  substance 
was  found  t^o  be  constantly  present,  but  in  inconsiderable 
quantity.  It  was  also  assumed  to  be  experimentally  demon- 
strated that  no  organic  acid,  with  the  elements,  C*U*0*,  ex- 
isted in  the  gastric  juice,  except  in  infinitesimal  quantity. 

These  experiments  afford  the  strongest  arj:^UTients  in  fa- 
vor of  the  view  that  hydrochloric  acid  is  the  free  acid  of  the 
gastric  juice ;  but  on  the  other  liand,  tiict-^  have  been  brought 
forward,  some  of  which  have  already  been  referred  tOj  wliich 
show  that  this  acid  cannot  here  exist  in  a  free  state. 

One  of  the  roost  important  of  these  fiiets  is,  that  the  addi- 
tion fif  a  small  quantity  of  oxalic  acid  to  gastric  juice  produces 
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a  precipitate  of  tlie  insoluble  oxalate  of  lime,  wliich  does  not 
take  place  in  tJie  presence  of  free  hydrochloric  acid,  even  whea 
it  existj3  in  very  minute  quantity.  No  one  has  denied  that  thh 
reaction  always  takes  place  in  the  gastric  juice ;  but,  in  thia 
fluidj  is  it  inconsistent  with  the  presence  of  a  small  qnanlity 
of  hydrochloric  acid  ?  We  have  found  that  the  addition  of 
two  drops  of  ordinary  hydrochloric  acid  to  half  a  fluid  ounce 
of  guBtric  juice  does  not  prevent  the  precipitation  of  the  oxa- 
late of  lime,  which,  in  the  single  observation  referred  tOj 
was  only  pmvented  when  the  quantity  of  acid  was  increa 
to  five  drop&.  On  adding  oxalic  acid  to  fresh  urine,  the^ 
precipitate  of  oxalate  of  lime  was  marked ;  but  after  the 
addition  of  two  drops  of  ordinary  hydrocldoric  acid,  tliis  re- 
action did  not  take  place.  Taken  in  connection  with  the 
fact  that  many  of  the  ordinary  chemical  reactions  are  pre- 
vented or  modified  in  fluids  containing  organic  snl>&tanceg| 
this  would  lead  ua  to  inquire  whether  free  hydrochloric  acid 
may  not  exist  in  small  quantity  in  the  gastric  juice,  and,  us 
an  exceptional  phenomenon,  the  reaction  between  the  oxalio 
acid  and  the  soluble  salts  of  lime  still  take  place ;  or  whether 
the  acid  may  not  unite  with  the  organic  prineiplej  forming, 
as  was  suggested  by  Schiff,  chlorohydropeptic  acid,  Iti 
support  of  this  latter  view,  it  is  to  be  remembered  that  Mul- 
der has  formed  combinations  of  organic  principles  with  vari- 
ous of  the  mineral  acids,  such  as  the  sulphuric  and  the  hy- 
drochloric. In  tliese  compounds^,  the  acid  character  remainaij 
but  the  ordinary  reactions  of  the  acid  are  lost.  For  exam<^ 
pie,  in  a  compound  of  sulphuric  acid,  called  by  Mulder,  sul- 
phoproteic  acid,  the  precipitations  with  baryta  and  lime  do 
not  take  place.' 

'  These  cotDpoutida  of  mmenU  adds  with  organic  ptinciplei  h«re  been  vvr^ 
little  studied.  In  view  of  the  uccnrate  rese&rvht^  of  Bidder  and  Schmidt^  and 
the  fact  ihski  rnanf  of  the  propettica  of  fluids  coiitaining  (ms  hydrocbloric  acid 
afe  wonting  m  the  gastric  jaice^  Louget,  after  a  full  and  candid  discn»8iou  of  the 
whole  qncstionf  admits  the  possible  exbt<>n<?«  of  aa  acid  compotiud  of  pepiin  and 
bydroiihloric  acid,  chanicteri.^tic  of  the  gastric  juice ;  but  be  contends  for  the 
eiifltence,  in  addition,  of  a  certain  proportion  of  a  fm^  organic  acid,  whioh  hz 
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With  the  abundant  opportunities  which  have  been  pre- 
E^nted  for  the  chemical  study  of  the  gastric  juicCj  not  only  in 
the  inferior  animals,  but  in  man,  and  in  view  of  the  miraer- 
ons  elaborate  researches  into  the  natnre  of  this  fluid  by  the 
most  skilful  physiological  chemists  of  the  day,  it  is  a  matter 
of  snrprise  that  the  question  of  the  existence  of  free  hydro- 
chloric acid,  or  its  condition  as  regards  combination  with  the 
organic  matter,  is  not  settled.  It  certainly  cannot  now  be 
regarded  as  settled  beyond  riuestion.  lt\  as  is  supposed  by 
Bidder  and  Schmidt,  there  be  a  proportion  of  chlorine  which 
cannot  be  accounted  for  by  the  quantity  of  ordinary  bas^  in 
the  gastric  juice^  it  probably  does  not  exist  as  free  hydro- 
chloric  acid,  but  is  in  some  way  united  with  organic  matter. 

In  1786 J  Macquart  indicated  the  presence  of  lactic  acid 
in  the  gastric  juice  of  the  calf;  attributing  to  free  phosphoric 
acid,  the  acidity  of  the  gastric  juice  of  the  ox  and  the  sheep/ 
Since  then  there  have  been  numerous  analyses  in  which  this 
principle  has  been  said  to  be  found.  Among  those  who 
early  adopted  this  view,  may  be  mentioned  Chevreul,  Graves, 
Leuret,  and  La^aigne.  After  the  analyses,  by  Prout,  in 
and  tlie  ol>ser^'ations  of  Beaumont  on  the  fluid  obtained 
from  8t.  Martin,  and  until  the  publication  of  the  experi- 
ments  of  Bernard,  Tillefranche,  and  Barreswil,  in  1844,  the 
hydrochloric  was  generally  supposed  to  be  the  free  acid  of 

supposes  to  be  tb«  kciic  acid,    ( TVotle  de  PAy^to/c^^  P&rit^,  IMS^  totne  i,  p. 

m^wm  tk  U  Saci^tS  Ratfdte  dt  M^decint^  Fftm,  p.  355  ft  In  n  pound 

of  gistric  juice  from  the  calf,  obtAined  from  unimAU  ju^t  klUedf  Mai^qijiirt  found 
forty-eight  gr&LDS  of  kctto  ricid  (p.  3^7).  It  ia  pri>bat>te  th&t  the  Urge  qutrntltr 
of  add  lhu£  obtaiDed  if  as  derir^  iti  part  from  lh«  milk  tiiki^ti  ioto  the  atomach 
of  the  SDimal ;  specially  as  Haequsri  mentions  that  sugar  wts  Itkewi^  foyud, 
wbicb  certiifily  lb  not  a  normal  constituont  of  the  ga§tric  jutce.  At  the  t^mc  of 
tbe  0b«cxT^fition9  of  Macqtiart,  the  formation  of  lactic  acid  from  sugar  waa  not 
known.  In  fact,  it  wa«  only  In  1780  that  this  acid  wnis  firat  deficti&ed  bjSolieele; 
and  it  wafl  many  years  before  its  formatioo  from  augar^  muscular  ds&ue^  etc,  waa 
deftcdbed* 


the  gaatrie  juice.'  It  is  chiefljr  on  the  last-nained  obserTa 
tions — which  have  been  supported  by  Bernard  in  his  later 
publications^  and  by  the  confirmatory  experinieiits  of  Leh- 
mann  and  others — that  those  whu  admit  the  presence  of  free 
lactic  acid  in  quantity  in  the  gastric  juice  rest  their  belief. 

We  have  already  referred  to  the  experiments  of  Bernard, 
which  show  that  an  artificial  fluid  containing  chloride  of  sodi- 
um and  lactic  acid  in  solution  behaves,  during  distillation,  in 
©very  way  like  the  natural  gas^tric  juice.  These  &bow  ako  how 
hydrochloric  acid  may  be  produced  during  the  last  period 
of  the  distillation  by  decomposition  of  the  chlorides.  We  have 
seen  that  this^  ol*:^ervation  was  confirmed  by  Lehmann,  wli^ 
noted  the  saiue  reaction  during  eva juration  at  the  ordinary 
temperatnrOj  in  vaeuo^  though  he  supposed  the  action  in 
the  gastric  juice  to  be  upon  the  chloride  of  calcium  ins^tead 
of  the  chloride  of  sodium,  Lelmiann  found  in  the  acid  resi- 
due, free  lactic  acid,  lactate  of  Ume,  and  alkaline  chloridea, 
Bernard  and  Lehmann  have  brought  ibrward  other  experi 
mental  facts  to  prove  that  the  gastric  juice  contains  lactic  acid, 
If  starch  be  boiled  in  a  solution  containiiiff  bvdrochloric 
acid,  it  soon  loses  its  property  of  forming  a  blue  compound 
with  iodine ;  while  if  it  be  boiled  with  lactic  acid,  no  such 
change  is  obseiTed,  If  starch  be  boiled  with  a  solution  con- 
taining hydrochloric  acid,  to  which  has  been  added  a  soluble 
lactate  in  exeeeSj  it  remains  unaltered;  which  shows,  acci*rd- 
ing  to  Beraard,  that  hydr<jcLloric  acid  in  a  free  state  cannot 
exist  in  the  presence  of  an  excess  of  a  salt  of  lactic  acid.  By 
similar  experiments^  the  same  observer  assumes  to  prove 
that  the  exiBtenee  of  hydrochloric  acid  is  inadnitBsible  in  the 
presence  of  a  phoephate  or  an  acetate  in  excess/  Lelunann 
has  found  that  starch  boiled  with  giistric  juice  retains  th© 
property  of  being  colored  bine  by  iodine.* 

*  L&c.  €iL 

*  Off.  fit,  p.  398, 
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These  experiraenta  are  considered  by  Bernard  m  positive 
proof  that  the  acid  of  the  gastric  juice  is  the  lactic ;  and  the 
Ikjt  *^seems  to  him  to  be  at  the  present  day  beyond  contes- 
tation,*' The  facts  adduced  by  Lehniann,  however,  are  evea 
stronger.  Bv  operating  upon  a  large  quantity  of  gae^tric  juice, 
he  has  been  enabled  to  form  the  lactates  in  such  quantity 
that  he  was  enabled  to  snbjeet  thein  i:o  ultimate  analyaisj  and 
determine  positively  the  nature  of  the  acid.  He  foimd  that 
the  acid  had  the  composition  of  lactic  acid  formed  from 
sugar,  and  not  that  of  the  acid  formed  from  the  juice  of  the 
miMcular  tissue.' 

In  view  of  the  facts  above  mentioned,  and  the  somewhat 
uncertain  basis  on  which  the  supposition  of  tlie  presence  of 
tree  hydrochloric  acid  is  founded,  it  seems  almt>st  certain 
that  the  principal  free  acid  of  the  gastric  juice  is  the  lactic. 
It  i^  impoi-taut  to  remember  that  while  the  e?cperiments  of 
Bernard  and  Lehniann  were  made  on  gastric  juice  from  the 
dog,  they  have  been  confirmed,  in  their  essential  particulars, 
by  the  recent  observations  of  Prof,  F,  Smith  on  the  nor- 
mal  gastric  juice  from  the  human  subject* 

It  now  remains  only  to  discuss  the  question  of  the  exist- 
ence in  the  gastric  juice  of  the  acid  phosphate  of  lime,  to 
the  exclusion  altogether  of  free  acids ;  a  theory  first  proposed 
by  Blondlot  in  1843,  and  entertained  and  defended  by  him, 
m  late  as  1858,  notwithstanding  the  fact  that  this  view  has 
inet  with  no  favor  in  the  physiological  world/ 

18G8«  Wme     p.  144;  atiij  PMliidefphia  Mimical  E^tuniner^  Jnlj  nnd  S^ptemlwr^ 

*  In  n  (nip«f  devrited  «at!f«lj  to  tbe  quei^tion  of  the  ftdd  priadpic  of  the 
~  "trie  juJce  {XoHvtUm  Eeeh^€hr»  Chhjii^m  mr  la  yature  riVOr^ne  du  Prin- 
AcifU  qui  doming  danM  U  Stt^  Gmtriquf,  Pnris,  I8B1,  p.  4),  Blondlot 
aeknovlefif!:?^  that  be  remnina  utmost  alone  In  his  opmlon ;  for^  witti  the  ejtcep- 
tion  of  numfLS^  **  who,  while  admitting  the  pnsftcnee  of  free  luetic  add,  taci Uj 
ff4^claf«a  tiiAt  the  existence  of  th^  bipho#phate  of  lime  catinot  hn  miBtiken/^  &U 
ftutliuts  oppose  his  Tiew.    To  the  pfige  referrei  to      Blondlot  (Dumab^  7)raiii 
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To  Blondlot  belongs  tlie  rare  merit  of  liavioj^  oi 
of  the  tirst,  if  not  the  very  first,  to  propose  and  execute 
experiment  hy  which  the  normal  gastric  juico  could  be  o"B>« 
tained  in  quantity  from  a  living  animal.    In  his  first  anai^y^ 
sis  of  the  fluid  thus  obtained,  he  denied  the  existence  of 
acid  principles  except  the  biphosphate  of  lime.  This  view 
holds  at  the  present  day ;  and  notwithstanding  tlie  elabon^^e 
re&eartdies  of  the  most  distinguished  physiological  cbemij&^i^ 
in  all  of  which  a  free  acid  of  some  kind  has  been  recognised,  M 
&till  ardently  defends  his  original  position.    The  question  of  % 
the  existence  in  the  gastric  juice  of  the  acid  phosphate  of 
lime*  to  the  exclusion  of  free  acids,  may  be  dbcusded  io.  » 
tew  words. 

Assuming  that  the  gastric  jui(^  contains  a  free  acid  ^  a 
view  which  the  arguments  of  Blondlot  fail  to  disprove,  tfc^ 
question  arises  whether  the  biphog^phate  of  lime  may  not  al^sa 
exi&t  in  this  fluid.    On  this  point  tliere  can  be  no  dotil^t- 
All  the  modem  analyses  of  the  gastric  juice  give  the  ph<3S- 
phate  of  lime  as  one  of  its  constituents ;  and  Blondlot  justly 
remarks  that  it  is  strange  to  see^  in  certain  analyses,  t-Ti^ 
neutral  phosphate  of  lime  and  hydrochloric  or  lactic  acid  E**^*  ■ 
down  as  existing  together,  as  though  tlie  phosphoric  »^3id  ^ 
were  able  to  retain  the  two  equivalents  of  the  basa  in 
presence  of  either  of  these  two  acids/  The  fact  is^  that  l>»-sic 
pJiusphate  of  lime,  a  salt  insoluble  in  pure  water  but  solii' 
in  acid  sohitions,  is  invariably  decomi>oscd  in  the  preis^**^'* 
of  acids  as  powerful  as  the  hydrochloric  or  the  lactic* 
then  loses  two  e<]uiva!ent8  of  the  base,  and  is  transfoird^^  M 
into  the  acid  phos}>hatc.  ' 

After  having  discussed  the  question  of  the  exieten©^ 
the  biphosplmte  in  two  elal)orate  memoirs,  one  publish^*^ 

de  CAif/tf^  PAfit,  tome  viiL,     iOi),  it  U  only  itntwJ  ihit  the  add  pwictkio 
gistrlc  juice  m  not  due  exdutlrcl  j  to  the  biphoaplmte  of  Uioe,  m  wm  f^*^^^  ^ 
t^dvKTlt^e^]  by  Blondlot .  and  the  etisteucN^  of  this  principle  b  noirbm  po^i^^ 

HdiTiitM. 

*  Blokhlot^  AtfMtv//«  Re^hfrchcM  aitr  i*i  Bi^tsti&tK — Jottmai  de 
'I*triA»  ie&6,  tome  u,  p.  310,  nots. 
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1S43  and  the  other  in  1831,  in  a  third,  Blondlot  regards  tlie 
presence  of  thia  principle  in  the  gastric  juice  as  oonelusively 
e&tablii?hetl  by  the  fact  that  it  fonns  a  preeipjtate  of  the  neu- 
tral ]>hofiphate  of  lime  with  pure  lime-water ;  the  precipitate, 
as  he  assumesi,  being  formed  bv  the  neutralisation  of  the  acid 
phosphate,'  This  conclusion  is  undoiihtedlv  perfectly  legit- 
imate; and  there  can  be  no  doubt  but  that  the  biphoaphata 
of  lime  always  exhtik  in  the  gastric  joice,  in  greater  or  leas 
fjuantity.  This  principle  must  be  put  in  the  place  of  the  neu- 
tral phosphate,  which  is  given  by  most  authors,  for  the  latter 
&alt  cannot  exi^t  ia  a  fluid  containing  free  hydrochloric  or  lac- 
tic acid,  either  of  which  acids  would  immediately  appropriate 
the  excess  of  the  bas^.  That  a  free  acid  exists*  iu  the  gastric 
juice  in  a  proportion  more  than  suflicient  to  simply  act  upon 
the  neutral  pliosphates — which  would  then  form  lactates  and 
leave  the  biphospliate  as  the  single  acid  principle — ^is  shown 
by  the  fact  that  the  gastric  juice  will  dissc^lve  and  act 
upon  an  excess  of  the  neutral  phosphate  of  lime,"*  Tliis 
fact  in  itftelf  i^  sufficient  to  show  that  the  gastric  juice  does 
not  dei>end  for  its  acidity  entirely  on  the  blphospliate  of 
lime. 

There  can  be  no  doubt  of  the  constant  presence  of  the 
acid  phosp>hate  of  lime  in  tlie  gastric  juice,  at  least  in  the 
dog;  and  its  quantity  h  undoubtedly  increased  in  this  ani- 
mal during  the  digestion  of  bonos,  by  the  action  of  the  acid 
fluid  ujjon  their  pbosphatic  constituents;  but  the  arguments 
of  Bk^ndlot  against  the  existence  of  a  free  acid  have  little  or 
no  weight.  One  of  those  on  which  most  stre*^  ia  laid  is  that 
the  gai^tric  juice  does  not  act  upon  the  carbonates;  which 

'  BKiu«4nt>t  yiLi,iritAA*cii£  ET  BARJiKdwiL,  Sttr  PMttQmltt^^  UhimiqM^  d$ 
la  Bigf^mt  (dcuxiem*  DJ^moire)- — C&mptm  Hendu^  FariSj  1844,  tome  iii.,  p. 
\2M.  These  avjlKorn  Ptiitt;  tljjit  the  ^irii^  jiijce  will  dlssoh'^  tbc  tietitml  pho?- 
ph»t*  of  llm*,  wbieh  m  insoluble  in  the  biphosplmte  (p.  J28fi);  \mi  tbU  is  not,  *a 
the  J  ^up^tosfd^  an  ftr|>titDOQr.  against  the  exLatimce  of  the  bipbosphut<^,  fbr  it 
lotijr  \w^n  we)l  knowii  that  the  neutral  phoRphate  of  lime  is  readilj  dlssolTed  in 


mJJWD^  OF  THE  ACIDITY  OF  THE  GASTBIO  JTTCE.  249 

aeeormted  for  by  the  proportion  of  bases  obtained  by  alti- 
mate  analjsia.  There  is  evidence  sufficiently  positive  to 
show  that  there  is  no  hydrochloric  acid  in  the  gastric  juice, 
in  a  condition  which  allows  tbe  fluid  to  prcgent  the  reactions 
which  are  abserml  when  thia  acid  e}dst&  in  a  free  itat©.  If 
there  be  any  hydrochloric  acid  not  in  combination  with  me* 
tallie  bases,  it  is  united  with  organic  matter  in  such  a  way  as 
to  prevent  the  manifestations  of  its  ordinary  properties^  ex- 
cepting that  of  acidity.  The  fact  that  some  of  the  mineral 
acids  can  be  made  to  unite  in  this  way  with  albuminoid  snb- 
siances  lends  color  to  this  supposition ;  although  further  in- 
vestigations lire  neee&sary  to  demonstrate  that  this  tak^  place 
in  the  gastric  juice, 

OrdiTmry  Saline  Constituents  of  tAs  Gaslri^  Juice. — ^It 
has  been  experiment-ally  demonstrated  that  artificial  fluids, 
containing  the  organic  principles  of  the  gastric  juice  and  the 
proper  proportion  of  free  acid,  are  endowed  with  all  the  di- 
gestive properties  of  the  noniial  secretion  from  the  stomach; 
and  that  these  pmperties  are  rather  impaired  when  an  excess 
of  its  nonnal  saline  constituents  is  added,  or  when  tbe  rela- 
tion of  the  salts  to  the  water  h  disturbed  by  concentration. 
Bottdault  and  Corvisart  evaporated  two  hundred  grammes 
of  the  gastric  juice  of  the  dog  to  dryneaSj  and  added  to  the 
re^due  fifty  grammes  of  water*  They  found  that  the  fluid 
thus  preparetl,  contain ijig  four  times  the  normal  proportion 
of  sidine  principles,  did  not  possess  by  any  means  the  ener* 
gy  of  action  on  alimentary  substances  of  the  normal  secre- 
tion/ Tliese  facts  have  led  physiologists  to  attach  little  im- 
|x>rtance  to  the  ordinary  valine  principles  found  in  the  gas- 
trie  juice. 

In  the  various  analyses  of  the  pure  juice  from  the  human 
subject  and  the  inferior  animab.  particularly  dogs,  chemists 
have  discovered  the  chlorides  of  sodium,  calcium,  potassium, 


*  Quoted  by  Loirotf,  Ti*aiti  di  ph^ofo^iet  Pans,  IStiS,  tome  I,  p. 
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and  ammouium,  and  the  phoephates  of  lime  (necessarily 

the  form  of  the  biphosphate),  magnesia,  and  a  small  projM:]^:x-u 

tion  of  the  phosphate  of  iron.    Of  these  principles,  the  cb."l_,^>. 

ride  of  sodium  has  always  been  found  to  exist  in  great^^^^t 

abundance. 


CHAPTER  IX. 


AcmoK  OF  THE  GASTRIC  JUIOE  m  DIGESTION, 

CoDititueiiU  on  which  the  utrtirlty  of  the  gastric  juice  ctcpetid^ — Aclion  of  th« 
psfcnc  juice  tjpqn  men ta^ Action  uppa  albumenj  fibriDj  caaeiue,  md  gctntlQe 
^Action  upon  vegetabJe  nitrogenlzed  prindpli^ — Albummose,  or  peptones — 
ActioTk  of  the  gostrie  juit-c  on  fa  La — Actj<>TiOQ  jtacchariEje  und  iknijhk'C«<ms  prin- 
ciples— Duration  of  stomaeh-digestioo — Digestibility  of  diflferent  alinienta  tn 
the  stomach — ^Actloti  of  the  gastric  jiticc  upon  the  COita  of  tho  Gtotnach — - 
QseomMiUKxa  which  Influence  storondi-djgesdon. 

In  treating  of  the  composition  of  the  gastric  juiee,  frequent 
allusion  has  been  made  to  its  solvent  action  in  digestion,  and 
the  constituents  on  which  this  property  depends.  Certain 
of  the  principles  most  readily  attached  by  this  fluid  are  acted 
tipon  by  weak  acid  solutions  containing  no  organic  matter ; 
Imt  though  some  physiologists  have  been  disposed  to  reganl 
the  acts  of  solution  which  take  place  in  the  stomach  m  de- 
jiendent  merely  on  tlie  presence  of  a  free  aeidj  it  is  now  well 
estahUshed  that  the  presence  of  a  peculiar  organic  principle 
ia  an  indispensable  condition  to  the  performance  of  real  di- 
gestion by  the  gash-ic  fluii*    The  experiments  of  Mialhe,' 

'  BoucrHiAnAT  rr  Sakdraa,  H^t^hen^i^M  imr  la  iHgmtUm, — Aunaki  de  Chmik  el 
iM  Ph^tique^  1842,  3  me  S^lie,  tome  t.,  p.  478  ti  $eq.  Thost  authors  ttltempted  to 
ibow  that  a  fet^blo  acid  fluid  wns  capable  of  difi^olving  fibrin  and  gluten^  but  they 
IkUed  to  prove  that  thia  eolntion  was  BimiLar  to  the  proecsia  which  takes  piae« 
m  digestion.  The  view  that  the  digestion  of  certain  principles  ia  the  stonmch 
ii  due  solely  to  the  action  of  a  free  acid  was  also  entertained  by  Tiedmanu  and 
Qnidin.    {Op.  eU.) 

'  Sir  ALU*,  ChimU  appii^uh  d  ttt  Pkyn&iogle  el  d  la  ITurapeuHque^  Paris,  18S6> 
p.  IH  et  uq.  hi  th^e  experiment?,  Mia  the  was  only  carrying  out  the  idea  of 
Danms,  who  btlJeTed  that  two  agents  exist  in  the  gastric  juice ;  f^k,  "  the  Kdd 


5S2 


DIGE8XI0K. 


nndeitaken  with  the  view  of  showing  that  the  acid  simply 
prepai'ed  tlie  idbitminoidji  by  permeating  them  and  caui^iiig 
them  ta  swell  up  and  bsjeconie  gelatirdfom,  do  not  show  that 
solution  of  thes^e  principles,  even  after  Buch  preparation^  can 
be  accomplished  by  a  neutral  solution  of  the  oi^nic  princi- 
ple of  the  gastric  jmce.  The  view  thus  advanced  by  Mialhe 
was  completely  disproved  by  the  observatioue  of  Longet, 
who  showed  that  when  the  iolution  was  neutrahzed,  some  of 
the  acid  fluid  always  remained  in  the  snbstance  of  the  nitoo- 
genized  principle  which  had  been  subjected  to  ita  action; 
and  thns,  wlien  pep&in  was  added,  the  substance  digested 
was  really  permeated  by  a  fluid  containing  both  the  organic 
princi]>lc  of  the  gastric  juice  and  an  acid.  When,  on  the 
other  hand,  the  fibrin,  wliich  wa^  tlie  iiitrogeuized  substance 
used  in  the  experiments,  was  removed  from  the  neutraUze<i 
solution,  cut  into  elicc^,  and  washed,  so  as  to  remove  all  trace 
of  acid,  the  neutral  s^^lntion  of  pepsin  had  no  action  upon  it.' 

It  has^  indeed  J  l)ccn  fully  established  that  fluidi  contain- 
ing the  organic  principle  of  the  gastric  juice  have  no  diges- 
tive properties  unless  they  als^j  possess  the  proper  degree  of 
acidity ;  and  it  is  as  well  settled  that  fluids  containing  adda 
alone  have  no  action  on  albuminoids  similar  to  that  which 
takes  place  in  digestion;  and  tbat  w^hen  these  principles  are 
dieeolved  by  them  it  is  dimply  accidental. 

It  is  a  curious  fact  that  the  presence  of  any  one  particu- 
lar acid  does  not  seem  esd<?ntial  to  the  digestive  properties 
of  the  gastric  juice,  so  long  as  the  proper  degree  of  acidity 
is  retained.  In  the  e3:periment8  of  Bernard,  Villefrancbe, 
and  Barreswilj  after  saturating  the  gastric  juice  with  nen- 

whicb  eoftens  and  ^welU  upthe  nitrogtnijEed  mattpr;  th(*  pppsin  fir  the  cbTttio- 
B»De  which  determines  it«  Uquefaetion  hy  n  phGtiotncnon  annloiriiim  to  thnt  of  the 
ftctiofi  ofdiaitca^e  i>d  Btarirh."  (  Tniii^  tk  CAimtV,  Paris*  tome  vi,^  p.  SSn.) 
Thii  opinion  of  Duma^  is  ba^tHl  an  experimenta  fhowinpf  tbst  Bmn  m  reduced  to 
n  jpUj-Uke  consistence  bj  the  actioD  of  pane  of  hjdrot'blnric  acid  nith  ten 
lhou»ind  parts  of  water,  and  is  aflerwjird  completely  drsiolfed  by  adding  to  tb« 
mixture  a  few  dropj*  of  rennet 

'  LoxoET,  Trai4i  df  j*/iU*iohjtr^  Pari  a,  186  S,  tome  i-,  p.  24  p. 
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tral  phofiphate  of  lime  and  adding  acetic,  phosplioric^  of 
bvdrochloric  acid,  in  sueli  quantity  tliat  it  certainly  existed 
in  a  fi^  state,  the  digestive  propertie-s  of  tbe  fluid  were  re- 
tallied.  These  authors  regard  it  as  essential  that  the  normal 
acid  of  tbe  gastric  juice  should  be  tJius  capable  of  being 
replaced  indifferently  by  other  acids;  for,  they  say,  iiL 
case  any  salt  were  introduced  into  the  Btouiach  which  would 
be  decompo^d  by  the  lactic  acid  of  the  gastric  juice,  diges- 
tion would  be  interfered  with,  unle^  the  liberated  acid 
eould  t^ke  its  place/  It  can  readily  be  appreciated  that 
transient  disturbances  might  occur  troni  this  cause  were  the 
existence  of  any  one  acid  principle  indispensable  to  the  di- 
gegtive  properties  of  tbe  gastric  juice ;  while  if  only  a  certain 
degree  of  acidity  were  required,  this  condition  might  be  pro- 
duced by  any  acid,  either  derived  from  the  food  or  produced 
by  secretion, 

Enotigh  has  already  been  said  under  the  head  of  the  or- 
ganic principle  of  the  gastric  juice  to  show  that  the  presence 
of  this  &ubstanee  is  likewise  a  condition  indispensable  to 
di^eetiun. 

The  necessity  of  an  acid  and  an  organic  principle  in  the 
ga&trie  juice  can  be  shown  by  the  following  simple  experi- 
ment, which  we  liave  often  made  um  of  as  a  clasa-demon- 
stratiijn  :  Take  three  ctibes  of  coagulated  white  of  egg,  one 
of  wliich  is  put  into  pure  gastric  juice,  the  other  hito  gastric 
juice  which  hm  been  carefully  neutralized,  and  the  third 
into  giistric  juice  in  which  the  properties  of  the  organic  prin- 
ciple have  been  destroyed  by  boiling.  If  the  three  speci* 
mens  be  kept  at  about  the  temperature  of  the  body  for  a 
numl>er  of  hours,  the  rdbumen  in  the  pure  juice  will  be 
found  to  be  partially  or  completely  reduced  to  a  grumous 
consi-^tetice,  readily  breaking  U[)  between  the  fingers,  while 
the  other  specimens  are  scarcely  acted  upon. 

As  iar  as  has  been  ascertained  by  experiments  in  artificial 
digestion,  the  mucus,  which  always  exists  in  greater  or  1^ 

*  Op.  Hi,—  Comptm  Mendutj  Pam,  1844,  tome  3cii.,  1289* 
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quantity  in  the  &toma«3h,  does  not  seem  to  be  important 
It  is  usual  in  these  experiments  to  separate  mucus  and 
extraneom  matters  from  gastric  juice  bj  filtration  before 
it  is  used;  and  tlie  digestiye  properties  of  tlie  fluid  thua 
treated  are  not  sensibly  affected  when  the  mucus  id  allowed 
to  remain," 

In  studying  the  j^hysiological  action  of  the  gastric  juice, 
it  mmt  always  be  borne  in  mind  that  the  general  process  of 
dig€sgtion  is  accomplished  by  the  combined,  as  well  aa  the 
suecessiive  action  of  the  different  fluids.  The  act  shonld  be 
viewed  in  its  ensemMe^  rather  than  as  a  process  consisting  of 
aeTeral  euccessive  and  distinct  operations,  in  which  different 
classes  of  principles  are  dissolved  by  distint^t  fluids^  The 
food  meets  with  the  gastric  juice  atter  having  become  im« 
pregnated  with  an  immense  quantity  of  saliva ;  and  it  passes 
from  the  Btomach  to  be  acted  u^wn  by  the  intestinal  flnids, 
having  imbibed  both  saliva  and  gastric  juic^.  By  studying 
the  different  digestive  fluids  in  too  exclusive  a  manner,  many 
physiologistSj  wliile  professing  to  assign  definite  and  distinct 
properties  to  each,  thus  investing  the  function  of  dig<^tion 
with  the  attraction  of  simplicity,  have  nec^^arily  ignored  or 
ilistorted  facts,  and  assumed  a  completeness  for  the  sum  of 
our  information  on  this  subject,  which  does  not  exist.  There 
could  be  no  more  serious  barrier  than  this  in  the  way  of 
farther  knowledge  of  a  function,  concerning  which  much 
remains  to  be  learneth 

When  the  acts  which  take  place  in  the  mouth  are  prop- 
erly performed,  the  following  alimentary  substances,  commi- 
nuted by  the  action  of  the  teeth  and  thorcjughly  insalivated, 
lire  taken  into  the  stomach :  muscular  tissue,  containing  the 

*  Bbndlot  hai  nhowtk  {Trttili  Antilgliqm  h  D^^im^  Pam,  1843,  p. 
tlint  nmctifl  b  oot  acited  upon  bj  the  gascnc  juice,  ercii  after  prolonged  eooLact  a  I 
iftt?  tctiip(iratur«!  of  the  body.  Th&  miuicud  Vihicb  secrietc'd  io  Ihe  gtomiich  i% 
ti?  fkr  has  been  wacertamed,  precbeLy  like  the  secretion  qf  ortlumnr  muoo<» 
mpmbruEics  i  and  it  does  not  pomu  any  peeulmr  prop4«rt1ei,  like,  far  example 
the  viscid  secretion  from  the  lnte»tltud  mucoud  membrane. 
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mnscular  substance  enveloped  in  its  sarcoleinma,  blood-ves- 
sels, nerves,  white  fibrous  tissue  holding  the  muscular  fibres 
together,  interstitial  fat,  and  a  small  quantity  of  albumen, 
fibrin,  and  corpuscles  from  the  blood,  all  combined  with  a 
considerable  quantity  of  inorganic  saline  matters ;  albumen, 
sometimes  imchanged,  but  generally  in  a  more  or  less  perfectly 
coagulated  condition;  fatty  matter,  sometimes  in  the  form 
of  oil  and  sometimes  enclosed  in  vesicles,  constituting  adipose 
tissue ;  gelatine  and  animal  matters  in  a  liquid  form  extracted 
from  meats,  as  in  soups ;  caseine,  in  its  liquid  form  united 
^ith  butter  and  salts  in  milk,  and  coagulated  in  connection 
^ith  various  other  principles  in  cheese ;  vegetable  nitrogen- 
ized  principles,  of  which  gluten  may  be  taken  as  the  type; 
vegetable  fats  and  oils ;  saccharine  principles,  both  from  the 
iinixaal  and  vegetable  kingdom,  but  chiefly  from  the  vegetable ; 
tlie  different  varieties  of  amylaceous  principles ;  and  finally, 
<»rga.iiic  acids  and  salts,  chiefly  from  vegetables. '  These  prin- 
C'ples,  particularly  those  from  tlie  vegetable  kingdom,  are 
united  with  more  or  less  innutritions  matter,  such  as  cellu- 
l<>se.     They  are  also  seasoned  with  aromatic  principles,  con- 
^linxents,  etc.,  which  are  not  directly  used  in  nutrition.' 

The  various  articles  coming  under  the  head  of  drinks 
taken  without  any  considerable  admixture  with  the  sa- 
jiva.    They  embrace  water,  the  various  nutritious  or  stimu- 
^^t-  infusions  (including  alcoholic  beverages),  with  a  small 
P*^I>ortion  of  inorganic  salts  in  solution. 

-A.11  articles  enumerated  above  are  more  or  less  modified 
the  stomach;  and  the  action  of  the  gastric  juice  upon 
wiU  now  be  taken  up  in  detail. 

^       Gastric  Juice  upon  Meats, — There  are 
^^I'ee  ways  in  which  the  action  of  the  gastric  juice  upon  the 
^^^otiB  articles  of  food  may  be  studied.  One  is  to  subject  them 
"Qie  action  of  the  pure  fluid  taken  from  the  stomach,  as 

^  '  ^^OQdiments  and  articles  of  this  class  hare  already  been  considered  with 
^^«»it  mlmitcnesa.   (See  p.  100.) 
49 
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was  done  by  BeaTiniont  in  the  IiTiman  subject^  and  by  Blond* 
lot  and  others  in  e^perimentfl  upon  the  inferior  animak; 
another  is  to  make  use  of  properly-prepared  acidulated  infu- 
Bions  of  the  mncoiis  membnmo  of  the  Btomach,  wliich  have 
been  shown  by  Schwann,  Mullefj  Mialhe,  and  otbersj  to  have 
sensibly  the  same  properties  as  the  gastric  j nice,  differing  only 
in  activity ;  and  another  is  to  ejtamine  from  time  to  time  the 
eontents  of  the  stomach  atler  food  baa  been  taken.  By  all 
of  these  methods  of  study,  it  has  been  sliown  that  the  diges- 
tion of  meat  in  the  stomach  is  far  from  being  complete. 
The  parts  of  the  muscular  tissue  most  easily  attacked  are 
the  fibrous  ti&suo  which  Iiolds  the  miBcular  fibres  together, 
with  the  sarcolernma,  or  sheath  of  the  fibres  theoiselves.  If 
the  gastric  juice  oi'  the  dog  be  placed  in  a  vessel  with  finely- 
chopped  lean  meat,  and  kept  in  contact  with  it  for  a  number 
of  hours  at  from  80^  to  100^  Fahr.,  agitating  the  vessel  occa- 
sionally, so  as  to  subject,  as  far  as  possible,  every  particle  of 
the  meat  to  its  action,  the  filtered  fluid  ivill  be  found  increased 
in  densitVj  its  acidity  diminished  in  intensity,  and  presenting 
all  the  evidences  of  having  dif^solved  a  considerable  portion 
of  the  tissue.  There  always,  however,  will  remain  a  certain 
portion  which  lias  not  been  dissolved.  Its  constitution  is  nev- 
ertheless materially  changetl ;  for  it  no  longer  posses^jes  the 
ordinary  ehai-acter  of  mugcular  tissuej  but  easily  breaks  down 
between  the  fingers  into  a  pultaeeous  Inal^s.  On  subjecting 
this  residue  to  microscopic  examination,  it  is  Ibund  not  U> 
contain  any  of  the  white  inelastic  fibres ;  and  the  fibr^  of 
muscular  tissue,  though  presenting  the  well-marked  and 
cliaracteristic  stria?,  are  broken  into  short  pieces  and  possess 
verj^  little  tenacity.  It  is  evidently  only  the  muscular  sub- 
stance which  remains;  the  connei*tive  tissue  and  the  sar- 
colernma having  been  dissolved.  These  facts  we  have 
repeatedly  noted^  and  even  on  adding  frctih  juice  to  the 
undigested  matter,  have  been  unable  to  dissolve  it  to  any 
considerable  extent;  the  residue  not  being  sensibly  di- 
minished in  fpantityj  and  the  muscular  substance  always 
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preganting  its  eharacteriBtic  strisej  on  microscopic  examinar 
tion. 

Although  it  is  stated  by  inanj,  in  a  general  waj,  that  the 
nitrogenized  alimentary  principleiS  are  digested  by  the  gag- 
trie  jiiicej  a  review  of  actual  exi>eriment:i  will  show  that  the 
digi^tion  of  meat  in  the  stomaeh  is  Bubstantially  such  as  we 
have  just  indicated,  Beaumont,  in  his  experiinenta  on  arti- 
ficial digestionj  while  he  freqnently  states  that  the  meat  is 
rompletely  (iigested,  describes  the  mixtm^e,  after  a  digestion 
of  eight  or  nine  hours,  as  abo'ut  the  color  of  whejj  and  de- 
piieitiiig  a  fine  sediment  of  a  reddish  color  alter  standing  tor 
a  few  minutes.'  In  no  case  does  he  distinctly  state  thut  meat 
h  ever  completely  dis^soh-ed.  Pappenheim  is  quoted  by  Lon- 
get  as  having  examined  animal  matters,  especially  muscular 
tissuej  in  varif ms  st^iges  of  digestion  l»y  the  gastric  jnicej  and 
noted  the  disintegration  of  the  tissue  and  division  of  the  raus- 
ewlar  fibres  into  tragraenta,  but  not  the  solution  of  the  true 
mnfic-;iilar  substance,'  Burdach,  in  his  elaborate  treatise  on 
physiology,  de^ribes  tlie  digestion  of  meat  as  consisting  in  the 
Bolntion  of  its  celbdar  tissue,  wliicli  is  dissolved,  fii^t  separa- 
ting the  muscular  fibres,  and  finally  being  converted  into  a 
pnltaeeons  ma^,  more  or  less  brown.*  The  same  facts,  essen- 
tially,  have  been  noted  by  Beniard  in  experiments  with  the 
gastric  juiee  of  difierent  aniinaU,  This  observer  has  found 
that  the  fluid  from  the  stomach  of  the  rabbit  or  the  horse  is 
much  inferior,  as  regards  the  activity  of  its  action  upon  meat, 
to  tlie  gastric  juice  of  the  dog/  He  compares  the  disinte- 
grating process  which  takes  place  in  the  stomach  to  the  ac- 
tion of  boihng  water  in  cooking.  Dr.  Didton  has  found,  in 
the  dog,  that  during  digestion,  partially  disintegrated  mus- 
cular fibres,  still  recognizalde  on  microscopic  examination^ 

*  BE4rvo?rr»  E^pfrimtmU  and  Ohserttaiiojv  on  tJt^  Gastrk  /u»ok?  and  Ike  i'?!^ 
k-io^^f  Bigmimn,  Pkn^burg,  183R,  p.  129. 

'  LoMOCT,  Tralti  de  p/ff/Moffif,  Pariti,  1868,  tom^  I,  p. 

*  BtrsDAcir,  TmiU  de  phmolo^^  Paris,  1841^  toroe  ii.,  p.  2*tB. 

*  EKBXABHf  Lerona  de  jJi^mtdo4;n^  e^pirimevial*',  VxinB^  1851,  p.  414. 
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pas  frmii  ike  stomadi  into  tibe  small  iotestine,  aiid  can  be 
divliiigoisiietl  in  the  tube  for  a  considerEble  di&tanee.^ 

Whether  tbe  ^i£trie  jtiiee  be  entirelj  incapable  of  acting 
DfKm  the  mtisealar  Bnbetauce  or  not,  the  above-mentioaetl 
feeti  dearlT  ^ow  that.  iL^uallj,  moMtilar  tig^ue  i^  not  com* 
pletely  digested  in  tlie  sttunach.  The  actioa  in  thh  organ  is 
t0  diasolve  out  the  inter-inujscular  fibrona  tisane  aad  the  ear- 
ecferama,  or  sheath  of  the  muscular  fibres^  setting  the  true 
mnecolar  subbtance  free,  and  breaHng  it  np  into  small  parti- 
de*.  Tlte  ma^  of  timne  is  thm  rednced  to  the  condition 
of  a  thin  pnltaceons  fltiid  which  passes  into  the  small  intes- 
tine, where  the  proeeae  of  digestion  is  completed.  As  far  as 
a  great  part  of  the  moscular  substance  Ls  eoncemefl,  the  ac- 
tion in  the  &totnach  is  preparatory,  and  not  final. 

The  confititnents  of  the  blood  (fibrin,  albumen^  atid  cm^ 
jiuocles),  which  may  be  introduced  in  small  quantity  in  con- 
nection with  muscular  ti^ne,  are  probably  completely  di*- 
solved  in  the  stomach. 

Action  vj/on  Alhumen^  Fthrln^  Caseinej  and  Gd<dim. — 
Dr.  Beaum<>iit  thought  that  raw  ulbmnen^  or  white  of  egg, 
became  first  coagulated  in  the  stomach,  and  waa  afterward 
dieeolyed;  but  this  has  been  disproved  by  numerous  other 
obeervens,  who,  however,  have  experimented  cluefly  on  dogs. 
Keference  to  the  experiments  of  Beaimiont  will  sliow  that 
the  phenomena  which  he  described  as  taking  place  in  a  nur- 
ture of  equal  parts  of  white  of  egg  and  gastric  juice,  kej^t  at 
the  temperature  of  the  body  for  tliree  hours,  do  nut  really 
indicate  coagiilation,  lie  etates  that  "in  ten  or  filteen 
minutes,  snmll,  white  flocculi  began  to  appear,  fioating 
about ;  and  the  mixture  became  of  an  opaque  and  whitish 
Appearance.  This  continued  slowly  and  unifannly  to  in- 
oreaee  fur  three  hoursj  at  wluch  time  the  fluid  had  become 
of  a  milky  appearance ;  the  small  flocculi,  or  loose  coagula, 

*  DALtosf^  A  Treoim  on.  Human  Fhtfttoio^i;,  Philadeljiliti,  1871,  fh  14 IS 
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Iiatl  mostly  tlii^Hppeared,  an  J  a  Iight-eolored  sediraeiit  buI>- 
Bided  to  tli€  lft.*ttoiu."  '  If  white  of  egg  be  inixed  with  ec|ual 
parts  of  pure  water  and  be  gentlv  Btirred  with  a  glass  rod, 
the  same  small  white  flocculi  will  make  tlieir  appeiirAnce, 
and  the  mbcture  will  beeonie  opaque  and  whitish*  This  is 
due  to  tlie  di^iengagement  of  shreds  of  the  membranes  hi 
which  tlie  clear  albiiinea  h  t'onttiined ;  tJiese  being  mvisible 
in  piire  w*hitc  of  egg,  from  the  fact  that  the  two  Bubstances 
have  the  same  refractive  power,  A  very  different  appear- 
ance is  presented  when  water  containing  even  a  small  quan- 
tity of  nitric  aeid  is  added  to  the  albumen,  Trne  eotignla- 
tit»n  then  takes  plaee ;  and  the  mixtnre  becomes  immediate- 
Iv  filled  with  large  dense  clots;  or  the  mass  may  become 
nearly  solidified,  if  the  acid  be  added  in  sufficient  quantity. 
Longet  and  Schiff  injected  a  filtered  wateiy  mixture  of  al- 
bumen into  the  stomach  of  the  dog  through  a  fistulotjs  open- 
ing, an<l  fnnnd  that  no  coagulation  took  place/ 

The  action  of  the  gastric  juice  upon  uncooked  white  of 
egg  is  to  disintegrate  it^i  strueturOj  sepaniting,  and  finally 
ciifi8olving  the  membranous  sacs  in  w^hich  the  pure  albumen 
is  containe<1-  It  nlm  acts  upon  the  albumen  itself,  forming 
a  new  fluid  substance,  called  albuminose,  ur  albumen^pep- 
tone,  which,  unlike  albumen,  is  not  coagulated  by  heat  or 
acids,  but  is  preciivitate*!  by  alcohol,  tannin,  and  many  of 
the  metallic  salts* 

The  digestion  of  raw,  or  imperfectly-coagulated  albumen, 
takes  place  with  considerable  rapidity  in  the  s^tomach. 
Beaumont  gave  St*  Martin  the  white  of  two  eggs  when  the 
stomach  wa?  empty,  and  tound  that  it  had  been  completely  dis- 
pifsed  of  in  an  hour  and  a  half.'  The  digestion  of  albumen 
in  this  form  is  more  rapid  than  when  it  has  been  completely 
coagulated  by  heat. 

Coagulated  white  of  egg  is  almost,  if  not  entirely  dis- 
iolved  by  the  gastric  juice.  If  a  cube  of  albumen  in  this  con- 


'  BiAUHO^rr,  ifp.  ciL,  p.  HS.  *  Lomn,  op.  cii.,  p.  256* 
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ditioE  be  subjected  to  the  action  of  tlie  gastric  juice  at  the 
temperature  of  the  hod}%  taking  care  to  agitate  it  oceasion- 
allj,  the  edgeii  and  corners  gradually  become  rounded,  and 
nearly  the  whole  iiiaBS  fiualij  breaks  down  and  is  dibsolvcd, 
having  previously  become  sotlened,  bo  that  it  m  easily 
cruBhed  between  the  fingers.  Usually^  one  or  two  pointa 
appear  in  the  mass,  which  are  acted  upon  witli  difficulty 
or  may  resist  solution  entirely.  It  is  a  matter  of  common^ 
as  well  as  scientific  observation,  that  hard-boiled  ©^gs 
am  less  easily  digested  than  when  they  are  goft-boiled  or 
raw% 

The  product!*  of  the  digestion  of  mw  and  of  coagulated 
albumen  (ulbumen-peptone)  are  essentially  the  same.  It  is 
probable  that  the  entire  process  of  digestion  and  absorption 
of  albumen  takes  place  in  the  stomach;  and  if  any  paa^ 
out  at  the  pylorus,  the  quantity  is  exceedingly  smalL 

Fibrin,  as  distinguished  from  the  so-called  tibrin  of  the 
muscular  tissue,  or  muscuUne,  is  not  a  very  importaDt  ar- 
ticle of  diet.  The  action  of  the  gastric  juice  upon  it  is 
more  rapid  and  complete  tliau  upon  albumen,  Mialhe,  who 
has  made  numerous  experiments  on  the  action  of  the  gastric 
juice  upon  all)uniinoid  substances,  found  the  coagulated  and 
washed  fibrin  of  the  bl(X>d  readily  lluiditied  by  an  acididated 
solution  of  pepsin/  The  well-known  action  upon  fibrin  of 
water  slightly  acidulated  with  hydrochloric  acid  lias  led  some 
physiologists  to  assume  that  the  acid  is  the  only  principle  in 
the  gastric  juice  necessary  to  the  digestion  of  this  principle ; ' 
but  careful  observations  on  the  comparatiye  action  of  acidu- 
lated water  and  of  artificial  or  natural  gastric  juice  sliow  tlist 

*  BouCEUfiDAT  ET  Bi.KDBAi},  Mt^herchrit  tur  la  PifjeMion.^Annnim  Chimk 
¥t  fi€  rht/fdque^  Park,  1842,  3rae  serit;,  Um^  t.,  p.  478  €i  These  obserreni 

iittacbed  great  importance  to  tbe  ncid  prmclpk  of  tlie  fsa^tric  jiuce  in  dig^tioo. 
T1i«j  supposed  that  it  wat  tbe  sole  principle  necessfiry  to  the  digestion  of  fibHo 
and  ftornc  other  nitrugeiiiied  Btjl>§tancea,  ibough  lltey  recogul^ed  the  ncceMltj 
Qi'  th4>  organic  atibitance  in  the  digestion  of  ccwguLutud  AlbumetL 
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tke  presence  of  the  organic  principle  b  necessary  to  the  di- 
gestion of  tliig,  as  well  as  otlier  nitrogenizetl  alimentary  prin- 
ciples. The  action  of  water  coiitaiiiiiig  a  small  proportion 
of  acid  is  to  render  fibrin  soft  and  tratisfparent,  frequently 
giiing  to  the  entii'e  mass  a  jelly-like  consistence.  The  sub- 
gtanee  thus  produeed  has  heeu  likened  by  Mialhe  to  caseine, 
us  it  is  precipitable  by  acids  and  by  rennet.  The  result  of 
the  digestion  of  Hbriu  in  the  gastric  juice,  or  in  an  acidulated 
fiuid  to  w^hich  pepsin  has  been  added,  is  its  complete  solution 
and  transforniation  into  a  gtibstance  which  ia  not  affected  by 
heat,  acids,  or  by  rennet. 

The  snbstance  resulting  from  the  action  of  gastric  jtdce 
ufion  fibrin  J  called  by  Lelunaun,  librin-peptone,  presents 
many  points  of  similarity  with  the  albumen-pe}>tone,  but 
neyertfaelese  has  certain  distinctive  characters,  Lehmann, 
indeed  J  supposes  tlmt  there  are  differences  between  the  prod- 
uct of  the  digestion  of  all  tbe  various  nitrogenized  aliment- 
ary principles,  sufficiently  well  marked  to  diatinguidi  thein 
from  each  other/ 

Liquid  caseine  is  immediately  coagulated  by  the  gastric 
juice,  by  virtue  both  of  the  free  acid  and  the  organic  matter. 
Rennet,  which  is  so  largely  used  ibr  the  (*oagnlation  of  caseine 
iu  the  manufacture  of  cheese,  ig  probably  nearly  identical  with 
pepsin.  Once  coagulated,  caseine  is  acted  upon  in  the  same 
^-^as  coagulated  albumen.  The  f*aseine  which  is  taken  ^ 
m  ingredient  of  cheese  is  digested  in  the  same  way,  Ac- 
coniing  to  Lehmann,  coagulated  caseine  requires  a  longer 
time  for  its  solution  in  the  stomach  tlian  most  other  nitro- 
genized  substances;  and  it  h  stated  by  the  same  autlior,  on 
the  authority  of  EMsser,  that  the  caseine  of  human  milk^ 
which  coagulates  only  into  a  sort  of  jelly,  is  more  easily  di- 
gested than  caseine  from  (^ow's  milk/ 

The  product  of  the  digestion  of  caseine  is  a  soluble  sulh 

^ImiAHtnt  FhyntJ^offical  0miitir^,  ^ilidelphia,  1855,  i^ol  L,  p.  4G1  il  i«f 
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etanee,  not  coagulable  by  heat  or  tlie  acids,  called  by  Leh- 
man n,  easelne-peptone, 

Gelatine  k  nipidly  disfftolved  in  the  gastric  juice,  wben  it 
lo§cs  the  characters  by  which  it  is  ordinarily  recognizedj  and 
no  longer  forms  a  jelly  on  cooling,*  This  substance  is  much 
more  rapidly  dis]^>Oised  of  than  the  tissues  from  which  it  ia 
foiined ;  and  t!ie  products  of  its  digestion  in  the  gastric  jaic€ 
resemble  the  substances  resulting  from  the  digestion  of  the 
albuminoids  generally. 

Action  on  Yegdahh  MUrogeuked  PrincSples. — These 
principles,  of  wliieh  gluten  may  be  taken  a^^  the  type,  are 
undoubtedly  chiefly,  if  not  entirely,  digested  in  the  stomach. 
Raw  gluten  is  acted  upon  very  much  in  the  same  way  as 
fibrin  ;  and  cooked  ghiten  behaves  like  coagulated  allmnien. 
Vegetable  articles  lif  tuod  generally  contain  gluten  in  greater 
or  lesi  quantity,  or  pnnciples  resembling  it,  as  well  as  various 
non-uitrogenized  jirinciples,  and  eelhilose.  The  fact  that  these 
articles  are  not  easily  attacked  in  any  portion  of  the  aliment- 
ary canal,  unless  tUey  have  l>een  well  comminuted  in  the 
month,  is  shown  by  the  passage  of  grains  of  corn^  beans^  etc., 
in  the  faeces.  Wlien  properly  prepared  by  mastication  and 
insalivation,  the  action  of  the  gastric  juice  is  to  disintegrate 
them,  dissolving  out  the  nitrogenized  principles,  freeing  the 
starch  and  other  matters  so  that  they  may  be  more  easily 
acted  upon  in  the  intestines,  and  leaving  the  hard  indigest- 

*  Blondlot  fllndicd  the  comjmralive  Ration  of  addulnted  water  ami  j^trfe 
^ijice  from  the  dog  upon  gdntiiie.  He?  took  three  veesck,  eat?h  cnpuhle  of  holtl- 
injs;  thirty  grammesi  m  eiieli  of  which  he  put  tea  fninimes  of  jelly  obtained 
iKjiUng  one  part  of  iginf^ksg  with  twenty  of  wator.  He  then  fiUcd  the  vesseb, 
one  with  gaatric  juices  and  the  two  others  wjth  water  Acidulated  with  iihosplujric 
and  with  acietic  acid.  Bj  the  aetLou  of  heat,  tbe}ellr  was  soon  dissolved  in  each 
of  the  three  voflsela.  A  iter  ten  bours^  he  foatid  that  while  the  specimens  of  felii- 
tine  in  the  addnlnted  water  formed  a  Jelly  on  eoolmg,  bo  that  tbo  vessel  o^itld 
be  inverted  without  any  of  th(3  substaneeB  escaping,  ttie  specimen  whieli  bud  been 
digested  in  gastrie  juiee  retained  it*  floiiitr.  (  TraiU  Anati/tiquc  de  h  Di^rtiiott^ 
Pam,  ]S4a,  p.  2m) 
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ihh  matters^  eucb  a»  cellulose,  to  pass  away  in  the  feces. 
Tlie  nitrogenized  portions  of  bread  are  probably  acted  upon 
in  the  storaacb  in  tbe  eanie  way  and  to  the  Baine  extent  as 
albnmeOj  fibrin,  and  caseine. 

ABmminosey  or  Peptone. 

The  product,  or  the  buiu  of  the  products  of  the  digestion 
of  nitrogenized  alimentarr  principles  in  the  stomach,  wm 
first  closely  studied  by  Miaihe,  who  regarded  the  action  of 
tlie  gastric  juice  on  all  principles  of  this  claa^  as  resulting  in 
their  translbrniation  into  a  new  substance  which  be  called 
albnmieose.'  Lebmann  has  since  investigated  the  principles 
mnlting  from  the  action  of  t!ie  gastric  juice  on  various 
nitnjgeniiKed  matters,  and  describes  them  under  tlie  name  of 
peptonee/  It  has  been  conclusively  shown  that  stomach- 
digestion  is  not  merelj  a  solution  of  certain  alimentary  prin- 
ciplei*,  but  tliat  these  substances  undergo  very  marked 
ehangeSj  and  lose  the  properties  by  which  they  are  generally 
recognized.  That  the  diflFerent  principles  resulting  lh»u  tbi^ 
traufiformation  resemble  each  other  very  closely  is  also  un- 
doubted ;  but  there  must  be,  as  is  suggested  by  Miaihe, 
differences  in  the  chemical  composition  of  tlie  product^s  of 
digestion  of  different  principle!^,  as  well  as  diflcrences,  which 
have  lately  been  noted,  with  regard  to  their  beliavior  with 
reagents. 

The  album  inosa  described  by  Miaihe  is  a  colorless  liquid, 
iritb  a  feeble  odor  resembling  that  of  meat.  It  is  not  coagula- 
ble  by  beat,  acids,  or  by  pepsin ;  a  property  which  distin- 
guishes it  from  almost  all  of  the  nitrogenized  i>rinciples  of 
fijod.  It  is  coagulated,  however,  by  many  of  tlie  metallic  salts, 
by  chlorine^  and  by  a  solution  of  tannin  after  it  has  been  acidu- 
lated by  nitric  acid/  An  interesting  peculiarity  of  this  prin- 

*  MiAiiBS,  L*  ITmon  Medirah^  PnriF',  «ppteiiibro,  184^^  nnd  Vhimk  appfiqnh  A 
»  %  aV.,  vol  I,  p.  451. 
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ciple  is  its  curious  modifying  influence  upon  Trommer^s  test 
for  Bngan  Prof.  Dalton  first  noted  a  peculiar  interference 
vriih  ihu  test  in  gtistrie  juice  ttikan  from  a  fietiila  in  a  dog. 
He  foiiiKl  that  a  drop  of  lioney  tnixed  with  a  drachm  or  two 
of  gastric  jniee  presented,  on  the  addition  of  sulphate  of  cop- 
per and  a  Bohition  of  potash,  the  following  appearance; 
On  adding  one  or  two  drops  of  tlie  solution  of  copper,  the 
ordinary  faint  blue  tint  was  produced ;  but  on  adding  the 
potaah,  instead  of  tliis  producing  a  greater  intensity  in  the 
bhie  color,  a&  ie  usuaU}'  the  case,  the  solution  became  of  a 
rich  purple  tiugc,  which  changed  to  a  yellow  on  boiling, 
without  any  deposit  of  the  suboxide  of  copper.  This  pecn- 
liarity  was  tbund  by  Dalton  to  be  due  neither  to  the  free 
at^id  of  tlie  gastric  juice  nor  to  the  organic  matter ;  for  it  was 
present,  both  in  gastric  juice  which  had  been  neutralixed^  and 
after  tlie  organic  matter  had  been  separated  by  boihng  atid 
filtration/  A  year  later,  the  same  fact  was  noted  by  Lon- 
get,  who  ascertained  that  the  peculiarity  in  the  reaction  was 
due  to  the  presence  of  albnmino&e,  and  assumed  to  be  abte 
to  distinguish  in  this  way  between  albuminoid  Bub^tano^ 
and  the  princtples  resulting  from  their  digestion  in  the  stom- 
ach ;  ^  an  explanation  which  was  atlterward  adopted  by  Dal- 
ton,' In  the  experiments  of  DaltoTi,  the  secretion  of  gastric 
juice  was  generally  excited  by  feeding  the  annual  with 
r^mall  firm  pieces  of  meat^  the  exterior  having  been  hardened 
by  boiling  water;  and  obtainecl  in  this  way,  the  filtered  fluid 
from  the  stomachj  ev*en  that  which  flows  immediately  after 
the  introduction  of  the  meat,  generally  e4>ntain8  a  Bumll 
quantity  of  albuminose, 

Miaihe  fonnd^  on  evaporating  albuminose  to  dryness,  that 

*  Dalton,  Oh.  the  Gaitnc  Jviee  and  I'Ai  Offlc*  in  Bi^eitioH^^American  Jtmr- 
mf  e/  lAf  Mtdi*^  St^tnm,  October,  1854,  p-  315*. 

*  LosGET,  XomrUes  Rr^herthm  relatives  d  tAefi&K  tfu  ^te  Geutiriqua  Bar  le» 
Matihr*  AibumfHokie», — Gazette  Hehdomadaire^  No.  fl,  Parii,  flrrier,  tome 
il,  p.  103. 

*  O ALTON',  ^4  Tretiim  on  Human  Ph^tuJa^ff,  IbirJ  cditio^^  PliUaJdpbia, 
p.  US. 
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llie  residue  consisted  of  a  yellowish-white  substance,  resem- 
bling desiccated  white  of  egg.  The  dry  residue  is  soluble  in 
water,  when  it  regains  its  characteristic  properties ;  but  it  is 
entirely  insoluble  in  alcohol. 

The  observations  of  Lehmann  on  albuminose,  or  pe})- 
tones,  were  more  extended.  He  found  a  great  similarity 
l)etween  the  substances  resulting  from  the  digestion  of  the 
various  albuminoid  bodies,  and  even  those  produced  by  the 
digestion  of  gluten,  chondrine,  and  gelatinous  tissues.  He 
was  unable  to  obtain  the  peptones  free  from  mineral  sub- 
stances. In  the  condition  of  greatest  purity  in  which  they 
have  been  obtained,  they  have  been  found  to  be  white 
amorphous  bodies,  odorless,  having  a  mucous  taste,  very 
soluble  in  water,  and  insoluble  in  alcohol.  Their  watery 
solutions  redden  litmus.  They  combine  readily  with  bases, 
forming  neutral  salts  which  are  soluble  in  water.*  The 
difTerences  between  the  various  peptones  are  not,  as  yet, 
very  well  defined.  Lehmann  states  that  they  always  con- 
tain the  same  proportion  of  sulphur  that  existed  in  the  albu- 
minoid substance  from  which  they  are  formed. 

According  to  Lehmann,  the  gastric  juice  transforms  tlie 
various  nitrogenized  alimentary  principles  into  these  liquid 
substances,  which  are  not  easily  coagulable,  and  which  pre- 
sent slight  diflerences  in  chemical  composition  and  gen- 
eral properties,  varying  with  the  principles  from  which  they 
are  formed.    Those  which  have  been  most  particularly  de- 
scribed are  fibrin-peptone,  albumen-peptone,  and  caseine- 
peptone.    It  does  not  appear,  however,  that  tlie  differences 
between  the  substances  resulting  from  the  digestion  of  the 
various  nitrogenized  bodies  are  sufficiently  definite  to  estab- 
lish a  rigorous  distinction  between  tliem  ;  and  until  we  are 
better  acquainted  with  their  distinctive  properties,  it  is  best, 
perhaps,  to  preserve  the  name  albuminose,  applying  it  to 
the  substance  resulting  from  the  action  of  the  gastric  juice 
Upon  the  albuminoids.    We  are  as  yet  too  little  acquainte  I 

•  Lehmaks,  Phydioioffical  Chemishy^  Philadelphia,  1865,  vol.  i.,  p.  461. 
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with  the  chemktry  of  organic  iiitrogenisEed  bodies  to  he  able 
to  follow  out  closely  all  the  changes  which  take  place  during 
their  digestion/ 

With  even  the  imperfect  knowledge  wluch  we  have  of 
the  properties  of  albuniiuose^  it  is  evident  that  the  object  of 
stomach-digestioUj  aside  from  its  function  in  preparing  cer- 
tain ai'ticles  for  the  action  of  the  intestinal  fluids,  is  not  simply 
to  licpety  certain  of  the  alimentary  principleSj  but  to  clianga 
tliem  in  such  a  way  as  to  render  them  endosniotic  and  pro- 
vide against  the  coagulation  which  is  so  readily  induced  in 
ordinary  nitrogenized  bodies.  Albuininose  pasa^  through 
membranes  w^th  great  facility,  ahdj  as  we  have  seen^  is  not 
eoagulable  by  heat  or  the  acidfi. 

Another,  the  most  important  and  the  essential  change 
which  is  exerted  by  the  gastric  juice  upon  the  albuminoitk, 
is  ttiat  by  which  they  ai'e  rendered  capable  of  assimilation 
by  the  system  after  their  absorption.  The  important  fact 
that  pure  albumen  and  gelatinCj  when  injected  into  the 
blood,  are  not  assimilable  but  are  rejected  by  the  kidney:* 
was  first  demonstrated  by  Bernard  and  Barreswil.  These 
observers  found  also  that  albumen  and  gelatine  which  had 
previously  been  digested  in  gastric  jnice  were  assinnlated 
in  the  same  way  as  though  tljey  had  penetrated  by  the 
natural  process  of  absoq>tion  fmm  the  alimentary  canah' 
Miaihe  has  repeated  these  experiments,  and  arrived  at  the 
same  conclusions.  He  has  also  foimd  that  the  same  is  true 
of  easeine  and  fibrin/ 

'  Bef(»ro  the  researches  of  Mialfae,  lUt1o  or  tiothbg  of  «  positive  DAtiir«  waa 
known  r<*ganlmg  the  prcnliicta  of  gtomach-digef^tiou.  The  auh^^tuiee  now  caQed 
fllbuiDiiiose  wiifl  th«n  mrJc&uUelv  de^ieritHid  under  the  UMoei  of  o»maxom<>,  Aali- 
Tary  lualter,  gdaliaiibnn  mutti^r,  etc. 

*  Bernard  Kt  Bahrfj^wil,  J/fmyjiv  mf  k  Sue  Gawtrt^itf  ^  mn  E4fe  dam  Im 
Kutriiion^—Chmptcs  RaKii^*,  Viiila^  1S44^  2ine  seHe,  lome       p.  277, 

"  HlAUitf  ojh  ciL^  p.  i;*7.  With  regArJ  to  the  eiperiraept*  of  Bernard  ajkd 
UiirreswU,  It  is  jus^l?  rtMuurkec]  hj  Btirard  {  TtaiU  th  Phifitioloffiej  tome  ii.^  p,  133) 
th&t,  ti»  the  digetitioi;^  of  album uioUl  prmcijjieti  takes  awaj  frotD  tUem  the  ch&r»o> 
tcrs  by  whieh  they  »re  ordiaMrily  rt-cogtiiKed,  ilbumevi  eould  n<rt,  of  course^  bo 
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These  facte,  showing  that  soiiiething  more  is  necessary  in 
sloiiiHch-digestion  than  mere  solution,  point  to  pepsin  as 
tlie  important  active  principle  in  producing  tlie  peculiar 
niodificationfi  so  necessiary  to  proper  aeaimilation  of  nitro- 
gauized  alimentary  substances.  The  action  which  takes 
place  is  one  of  those  ordinarily  temied  catalytiCj  in  which 
die  pepdn,  acting  by  its  mere  presence,  as  a  fement,  induces 
these  pecuhar  ehaiigee.'  They  are,  however,  an  e&seutial, 
and  the  most  important  part  of  the  action  of  the  gastric  juice^ 
and  the  transformation  into  albumlnose  takes  place  in  all 
iiitrogenked  principles  which  are  lifjnetied  in  tlie  stomach. 
As  it  is  impossible  for  two  catalytic  processes  to  take  place 
ftt  the  same  time  in  any  single  organic  snbstance,  the  more 
iwwerfnl  always  overcoming  and  taking  the  place  of  the 
weaker,  it  ia  evident  tbat  when  nitrogenized  principles  in 
proee*^  of  putrefaction  are  introduced  into  the  stomach,  the 
catalytic  process  of  putrefaction  must  cease  when  the 
changes  which  take  place  in  digestion  become  established. 
This  efxplains  the  antiseptic  properties  of  the  gastric  juice, 
and  the  freqnent  innocnouiness  of  animal  substances  in  va* 
rions  stages  of  decomposition  taken  into  the  stomadi. 

Action  of  the  Gmtrw  Jui€e  on  Fats. — Beaumont  does 
not  say  much  with  regard  to  the  changes  which  fatty  sub- 
stances undergo  in  the  stomach,  excejit  that  they  *'are  di- 
gested with  great  difficulty.'' '  All  the  recent  observations 
on  this  subject  show  that  these  principles,  when  taken  in  the 
condition  of  oil,  pass  out  at  the  pylorus  unchanged.  Most 

Wio^tu^  in  the  urine.  To  n  subBequeitt  account  bj  Bernirtl  of  eipertments  oii 
lU«  Liy'(M?tloQ  of  albumen  into  ihe  drculAticfn  {Uquides  POr^animu,  Farb, 
Hao,  tome  iL,  |>,  459),  thfr©  no  mention  of  the  effecta  of  injecting  albumen 
dliaolTed  in  the  gBiitric  juice,  tlioni^h  the  firai  expemoenta  npon  the  injection  of 
pore  ilburocn  are  con^rmcd.  The  fuctB  are  nevertheless  interesting  &nii  instnio- 
lire,  mS'  showing  the  want  of  aasinnl»tion  of  undigested  tdtrog^iuzed  pHnclplea 
tilled  with  the  blood. 

*  Pot  a  definition  of  the  pwcaa  of  catiiiyaia,  see  vol  L,  p.  74. 

'  Op.  ^t,  p.  46. 
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of  the  fatty  constituents  of  the  food  are  liquefied  at  the  tem- 
perature of  the  body ;  and  when  taken  in  the  form  of  adipose 
desQe,  the  little  ve&icles  in  which  the  oleaginous  matter  h 
contained  are  diasolvedj  the  tat  h>  set  tree  and  melted,  and 
floats  in  the  furm  of  great  drops  of  oil  on  the  alimentary 
mage.  The  action  of  the  gtomachy  then,  seems  to  be  to  pre— 
pare  the  fats,  chiefly  by  dissohdng  the  adipose  vesicle,  for^ 
the  complete  digestion  which  takes  place  in  the  small  int 
tine. 


Ac^i&n  m  Saecharlm  and  AmyludmnB  Principlm. — ^Thi 
varieties  of  sugar  of  which  glucose  is  the  type  undergo  littles^ 
if  any,  change  in  digestion,  and  are  probably  for  tiie  mm 
part  directly  absorbed  by  the  mucous  membrane  of  thi 
stomach.    This  is  not  the  casCj  however,  with  the  varietie 
of  sugar  clftss^  with  cane-sugar.    Ttie  experiments  uf  Bee 
nai'd  and  Barreswil  *  have  shown  that  cane-^ugar  injecte- 
into  the  veins  of  a  living  animal  is  not  assimilated  by 
system,  but  is  imme4liately  rejected  by  the  kidneys,  Whe 
however,  it  has  been  changed  into  glucose  by  the  action  of 
dilute  aeid,  or  by  digestion  in  the  gastric  juice,  it  no  loi 
behaves  as  a  foreign  substance,  and  does  nut  appear  in  tl 
urine. 

This  leads  to  a  consideration  of  the  changes  which 
sugar  undergoes  in  the  stomach.    Experiments  have  sho^ 
that  thia  variety  of  sugar,  after  being  digested  for  ;?everal  hoi 
in  the  gastric  juice,  is  slowly  converted  into  glucose. 


action,  according  to  the  recent  observations  of  Longet  ai 
Schiff,  does  not  depend  upon  any  constituent  of  die  gasi 
juice  except  the  free  acid ;  and  they  found  that  an  exeeedin^^^ 
dilute  mixtum  of  hydrochloric  acid  had  an  equally  marl 
eifecl*  Dal  ton  found  that,  in  the  dog,  the  ingestion  of  eacw^  ^ 
sugar  induced,  almost  invariably,  an  ioimediEte  reflux  ^-^^^^ 
intestinal  fluids^  including  bile,  by  which  it  wa^  prorapfJ^^S' 

*  Lo!(aET,  Traits  de  Puna^  1898,  totse  I,  pi.  iCfl. 
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I €*on verted  iato  glucose,'  This,  liovrever,  he  round  to  be  only 
Ptemporary ;  and  in  e%pmmeiits  in  which  half  an  OLince  ot* 
loaf-^ugar  giveii  tu  the  animal  after  a  twelve  honrs'  fa^^t^ 
iinaltei'ed  cane-sugar  remained  in  the  fitomaeh  for  from  two 
and  a  half  to  three  hours* 

I  Experiments  in  artificial  digestion  have  shown  that  eune- 
eugar  is  transformed  into  ghicose  by  the  gastric  juice  very 
riowlys  the  action  of  thii^  fluid  in  no  way  differing  from  that 
of  very  dOute  acids.  In  the  natural  process  of  liigestionj  this 
action  may  take  place  to  a  certain  extent;  but  it  is  not  shown 
to  be  constant  or  important,  atid  wg  must  look  to  intestinal 
digestion  for  rapid  and  effective  traustbrmation  of  cane-Bugar. 

The  action  of  gastric  juice,  unmixed  with  saliva,  upon 
starch  is  entirely  negative,  as  far  as  any  transformation  into 
sugar  is  concerned.    When  the  atarch  h  enclosed  in  vegeta- 
ble cells,  it  is  aet  free  by  the  action  of  the  gastric  jiii(*i?  npr>n 
the  iiitrogenized  parts.    It  has  been  found  by  Bernsiril  tliat 
*aw  starch,  in  the  form  of  granules,  becomes  hydrated  in 
the  stomach ;  and  he  attributes  this  action  to  the  elevated 
tetnperatnre  and  to  the  acidity  of  the  contents  of  the  organ/ 
ThiB  is  not  the  form,  however^  in  which  starch  is  generally 
'taken  by  the  human  subject ;  but  when  it  is  so  taken,  the 
*fetomacli  evidently  assists  in  preparing  it  for  the  more  cora- 
3>lete  processes  of  digestion  which  aie  to  take  place  in  the 
*mall  intestine* 

Cooked  or  hydrated  starchy  the  form  in  which  it  exists  in 
^>read,  farinaceous  preparations  generally,  and  oi*dinary  vege* 
*^bles,  is  not  affected  by  the  pure  gastric  juice,  and  passes  out 
t  the  pylorus  unchanged.  It  must  be  remembered,  however, 
at  the  gastric  juice  does  not  prevent  a  continuance  of  the 
"on  induced  by  the  saliva;  and  experiments  have  shown 
Hiat  gastric  juice  taken  from  the  stomach,  when  it  contains  a 
*iotable  quantity  of  saliva^  hm^  to  a  certain  extent,  the  power 

o/fAj  Mfilkfil  Seitn^fi,  October,  1354,  p.  319. 
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of  transforming  starch  into  Eug&rJ  It  hm  already  h2en  re- 
marked that,  with  regard  to  thk  qae^tion,  experiments  on 
dog&f  as  the^e  animaU  da  not  uattLrally  take  etareh  ha  food, 
do  not  correspond  with  obsen-ations  on  the  human  snbjec^ 

The  change  which  vegetable  aeidfi  and  salts,  the  various 
inorganic  constituents  of  food,  and  the  liquids  which  coma 
nnder  the  head  of  drinks  undeigo  in  the  stomach  are  verj 
slight.  Most  of  these  principles  can  hardly  be  said  to  be 
digested ;  tor  they  are  either  liquid  or  in  solution  in  water, 
and  are  capable  of  direct  ab^jrption  and  assimilation.  With 
regard  to  most  of  the  inorganic  salts,  they  either  esdst  in 
small  quantity  in  the  ordinary  water  taken  as  drink,  or  are 
united  with  organic  nitrogeuized  principles.  In  the  latter 
case,  they  become  intimately  combined  with  fixe  organic 
[irinciples  resultiog  from  stomach-digestion.  We  have  al- 
ready seen  that  tlie  Yarious  peptones  have  been  found  to 
contain  the  same  inorganic  constituents  which  existed  in  the 
nitrogenized  principl<3s  trom  which  they  were  formed. 

Some  discussion  has  arisen  with  regard  to  the  action  of  the 
fluids  of  the  stomach  upon  the  phosphate  and  the  carbonate 
of  lime;  salts  which  are  considered  nearly^  if  not  entirely, 
insoluble.  The  action  upon  these  j)rinciples  is  interesting^ 
as  they  are  essential  constituents  of  the  osseous  tissues.  Ob- 
servations in  both  natural  and  artificial  digestion  have  shown 
that  the  cnlcareous  constituents  of  bone  are,  to  a  certain  ex- 
tent, dissolved  in  the  gastric  juice.  The  experiments  of  Chos- 
sat  upon  animals  deprived  of  these  principles  in  the  food 
demonstrated  that  they  are  absolutely  necessary  to  proper  nu- 
tritionj"  and  therefore  must  be  dissolved  somewhere  in  the  ali* 
mentary  canal  *  and  the  well-known  fact  tliat  the  phosphate 
of  lime  is  soluble  in  acid  flnidSj  when  it  is  converted  into  the 
biphosphatej  would  point  at  once  to  the  gastric  jtiice  as  the 
agent  for  its  digestion.  In  fact,  it  has  been  clearly  shown 
Uiat  bones  are  digested  to  a  considerable  extent  in  the  stom- 


'  See  page  177. 


•  See  page 
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scli^  though  the  greater  part  pa&^e^  through  the  aliraentary 
tmml  and  is  discharged  unchanged  in  thefaeeea,  BeaimioDt 
lifts  showD  this  to  he  true  in  the  hunian  subject  by  e3£peri- 
Bients  which  he  performed,  out  of  the  hody^  with  gastric  juice 
Taken  from  St.  Maitin.  ■  In  these  observations,  after  a  cer- 
tain portion  of  the  hone  had  l>een  dissolredj  the  action  was 
increased  by  the  addition  of  Ireah  gastric  juice.  In  the 
natural  process  of  digestion,  the  solution  of  the  calcareous 
elements  of  hone  is  more  rapid  than  in  artificial  digestion, 
from  the  fact  that  the  jnica  is  Ijeing  continually  absorbed 
and  eecreted  anew  by  the  mucous  membrane  of  the  st^jinach. 

Duration  of  Stmiach-DigeMion. 

Now  that  the  relative  importance  of  the  stomach  and 
X\m  email  intestines  in  digestion  is  more  fully  understood, 
\m  ititen^t  is  attached  to  tho  length  of  time  required  for 
the  action  of  the  gastric  juice  upon  different  articles  of  food 
thau  formerly^  when  the  stomach  was  regarded  as  the  prin- 
«-i|Jal,  if  not  the  sole  digestive  orgam    It  was  thought  at 
^fte  time  tliat  the  food  was  couTerted  in  the  stomach  into  a 
/^oitaceous  ma^  called  chyme,^  which  passed  into  the  intes- 
ffrie^  where  the  assimilable  portion  (the  chyle)  wai§  separated 
^'id  ah^rhed  hy  the  lacteals.    Beaumont,  in  preparing  the 
rfa.'bonite  table  which  has  been  m  much  quoted,  conceived 
fh^t  the  simple  action  of  the  gastric  jniee  represented  the 
•^li^ief  part  of  the  digestive  process  ;  and  that  it  wajs  possible^ 
'^'^m  experiments  with  this  fluid,  to  ascertain  the  digeati- 
^ility  of  different  artide*.    From  this  point  of  \newhe  re- 
i'^^ds  fatty  substancesj  which  are  now  known  to  he  digested 

*  BitAtmoiit,  ff/i.  nV,^  aoo, 

*  The  word  chTme,  Uke  luiiny  words  used  bj  tbe  earlier  pbTsmlii^^ists,  under 
suppoaiUoti  tbiit  tliey  rcpPcstistGd  definite  priociples,  has  for  ewne  iitno  been 

^i-%rt»cdlj  diacmtded,  od  account  of  lu  hidcinit**  figuiflcaticiu.    It  is  particuUriy 
^eudi  aa  the  maM  resulting  froEa  the  action  of  tlie  gastric  juice  upon  the  varied 
^^cWg  nfied  as  fQcid  iM  composed  of  mauy  uudig<»ted  subttancei,  aa^wdl  us  di«- 
^'HH  Buhatjmces  nesulting  ftotn  the  digestion  of  different  alimcntfiry  pnnciplea. 
60 
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exclusively  ia  die  small  intestines,  m  reqxuving  a  very  long 
time  for  their  digestion. 

Under^^tandingj  as  we  do,  thtit  comparatively  few  articles, 
and  tliese  belonging  exclusivelj'  to  the  cljiss  of  organic  nitres 
genized  principles,  are  completely  dissolved  in  the  stamadL, 
it  16  evident  that  the  length  of  time  during  whieh  food  re- 
mains in  this  organ,  or  tlie  time  ix^cnpiud  in  the  solution  of 
food  by  gastric  juice,  out  of  the  body,  does  not  represent  the 
absolute  digestibility  of  different  articles.  It  neverth 
an  interesting  and  important  qnesrion  to  ascertain,  as  n 
ag  possible,  the  duration  of  stomach-digestion. 

There  has  certainly  never  l>een  presented  so  favorable  an 
opportanity  for  determining  the  duration  of  stomaf-hniige^ 
tion  as  in  the  case  of  St*  Martin.  From  a  very  great  niiiii- 
ber  of  observations  made  on  digestion  in  the  stomach  itself, 
S^aomont  came  to  the  conclusion  that the  time  ordinarily 
required  for  the  disposal  of  a  mcKierate  mei\l  of  the  tibrons 
parts  of  meat,  with  bread,  ete,^  is  three  to  three  and  a  half 
hours."  *  The  obeenrations  of  Prof.  F,  G,  Smith,  made  upon 
St,  Ifartin,  many  years  later,  give  two  hours  as  the  longest 
time  that  ah'ments  remained  in  the  st^imaeh/  In  a  remark- 
able case  of  intestinal  iistula,  reported  by  Prof.  Biiseh,  of 
Bonn,  it  was  noted  that  food  begiin  to  pass  out  of  the  fitom- 
ach  into  the  intestines  fifteen  minutee  after  its  ingo^tioti, 
and  continued  to  pass  for  three  or  four  hours,  until  the 
stoma4*h  was  emptied/ 

Undoubtedly  the  duration  of  stomaeh^iigestion  varies  in 
different  indiv^dua^  and  ia  greatly  dependent  upon  the 
kind  and  quantity  of  food  taken,  conditions  of  the  nervous 
system,  exercise,  etc*  As  a  mere  approximation,  the  nremgt  ^ 

'  OfK  fit,,  p.  275. 

Ptri#,  1§D8,  totnc  I,  p.  H6,  ftttd  Fhtla^klphia  Mf  Jte*ti  Mmmiwr^Jvdj  Add  Sep- 
flftf^  I,  Ph \\ ttr Icl  p*:  Ih  ,  J  uIt,  1 8  60,     2 1 U, 
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time  tJhat  food  remains  in  the  stomach  after  an  ordinary  meal 
may  l>e  stated  to  be  from  two  to  four  liours. 

X^i^estihility  of  Different  Aliments  In  the  Stomach, — We 
are  indebted  to  Beamnont  for  nearly  all  that  is  positively 
known  regarding  the  facility  with  which  different  articles 
are  disposed  of  in  the  stomach.  While  it  is  fully  understood 
that  most  of  the  snbstAnces  experimented  upon  by  him  are 
not  completely  digested  by  the  gastric  juice,  and  although 
he  was  oft:en  wrong  in  assuming  that  articles  of  food  were 
digested  when  they  had  not  become  completely  liquefied  and 
consequently  endosmotic,  the  table  which  he  prepared  with 
so  much  care  was  the  result  of  such  conscientious  and  ex- 
tended research,  that  it  must  always  be  recognized  as  of  great 
▼alne.  Nearly  all  of  the  results  given  in  the  table  are  de- 
rived from  experiments  frequently  repeated,  and  "  performed 
™der  the  naturally  healthy  condition  of  the  stomach  and  or- 
dinary exercise."  They  show  the  mean  time  employed  in  the 
^'gestion,  in  the  stomach,  of  most  of  the  ordinary  articles  of 
food,  in  the  person  of  a  healthy  young  man  of  good  digestive 
powers.  Of  course  it  must  be  understood  that  there  are  im- 
poii;ant  peculiarities  in  different  individuals,  which  could  not 
he  considered.  As  many  of  the  alimentary  substances  exper- 
™®iited  upon  are  but  slightly  acted  on  by  the  gastric  juice, 
it  has  leen  thought  proper,  in  making  the  selections  from  the 
tahle^  to  discard  all  articles  which  are  mainly  digested  in 
small  intestine. 

^^ith  these  modifications,  therefore,  the  following  table 
T>e  taken  as  representing  the  comparative  rapidity  with 
^tich  most  of  the  ordinary  nitrogenized  articles  are  acted 
'^Pon  in  the  stomach;  they  being  either  completely  dis- 
^'^e<J^  and  probably  directly  absorbed  by  its  mucous  mem- 
.  or  prepared  for  the  action  of  the  intestinal  fluids,  pass- 

j'"^  K^^ually  out  at  the  pylorus.    It  must  be  remembered, 
^^^"v^er,  that  slow  digestion  does  not  always  indicate  that  the 
P^'^e^^g  is  diflScult,  and  the  action  of  the  gastric  fluids  upon 
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man  7  articles  whieL  apparent! j  give  no  trouble  in  digestioii 
h  hy  no  means  rapid : 

Table  %k&mng  thg  I^iffe$tihilittf  ofmriam  Aiimtutarff  Suhntitrurm  im  tli 


Milt.  

drt.      dm.   . , 
daw  dfl, 
da. 


ma 


do,  da.   

OMi*f4..,/»», 

CfKlliftll,  VUFrd  dfj.*  * .  * , . 

Tnvnt,  falmutL,  fr^ftll , . . , 
dot      4d,      drw  « ■  ^  1^ 
lUfit,, atrt|«vd^    do.  .... 
rUmojdt^.  do, 
C«tlbl9,  do.  .... 

tliitDcia,  fitted.. 

\lo.  1(4. 
do,  di%. 

tdddq  »U«it.... ....... 

Pl^  BOCfeliifc  . . .  

Lambi  Jfire^ .....  ... 

B«i^         k«n,  »sr«..., 
B««f4t«ifc... ........... 

Be«f,  tntht  ksn,  diy. . , . 

dd.  with  mm iwd,  etc . . 

da  vitli  oalf..... 

df» 

hiutttilL,  f^lbt.,.^, 

do.      d<x  H 

do.  doi  

Ve^lMb.  

dfi.    dilL  «  .w....,, 

Pork^  it<*k. 
da    t»\  ftud  IfiuL  . .  

dft. 

d*9V 

do. 


do.  ...... 

drv  ...... 

Tartejf ,  *i"Ild. ......... 

do.  docQ«iFtloBled*. 

d&  , . . .  _ , 
Ciaiar,  urild . , .......... 


Vri«d 

ti«> 

|i-*> 

rrf«d 

im 

Brtilled 

do. 

Bulled 

4-00 

B«u<»d 

BroM 

tto 
i«o 

Bf«ll«d 

«w 

BoMlied 

Bnllid 

««. 

S-00 

S-00 

815 

4^ 

Fried 

480 

8-£& 

Eout«d 

Haw 

Slewed 

Broiled 

Ilia 

FIW 

ru 

BoUed 

I'M 

fioutod 

da 

1^ 

[I  Chicken  ftjUfi^ww.,.,.... 

i<  Fowl 8^  domeiClG   

'     do.        dot  ............ 

Pncki.  doniGiyaafd- « .  ^* 

I    del.   wild  •  

Sonp,  bitflpjf.*  . 

do,    b<>«ti.,  *   

do.     ChlfllUMl. .... 

d^^    tiiiiU<»il,. ...... ...... 

da   oj9(«r... ........ .... 

Atk   hisvt  r«ifrtali4c»  and  f 

bri.id.„,  I 

do,  mamiw-titfBttik«.««p., 

IHl*^'  ft^'t,  M*UB^.  ... . .....  ^ 

Trip*        da  ............ 

BmlBS^  ittlmal .   . . ,  ^  ^ . 

BfvliiAl  nuiftiDV,  iitdnttU . . . . 

IjTfr,  'bootvt\  ftuli..  

£p«iMOiotlft .............. . 

B4«i;,t&tnMl.... ....  ..... 

Gutlkfc..,*.  

IVndaa.....  

Baab,  nemt,  Mid  Tc^T*bk4. 
{)%ib. 


Br.<llc*l  4^ 


^  lk?4n»,  piML.   

{■kf^lpft 

P^QtKteett,  Irlth.. ........... 

da.  do. 

d  a     da  ............. 

€kt»b«ife,li«ad.......  ... 

da,     6(L  wf th  ftiKt^. 

da     da  ............. 

Gum&i  onnf*. ....  ^ ......  ^ , 

Titnaliifii,  flat...,. ...... 

B«t«  ...   

Bnnid,  com.,.. 
do.    w|i««|,  IHifa......... 

Jlnpkii  •wv«t,  Mitov.. .  ..J 

d4.     feaiUf  de, 

da     do,  tE0il 


BstM  til 


Mogt  of  the  facts  recorded  in  tlie  above  table  are  in  ae- 
cordauee  with  the  popular  ideas  regarding  the  dige^tibililj 
of  various  articles,  ba&ed  on  general  experience,    With  ihe^e 

'  In  Ibe  origtoal  Uhh  pven  bj  Btttiipioiit  {^p,  eiL,  p,  26V  <#  mq.\  thest  U 
aleo  gf?en  Ibe  mt^&n  time  of  dSg^lion  trtificitlly,  m  rinls,  on  a  b^th.  Thk 

omitted,     it  often  Uat§  Utile  reljitloii  to  the  lime  occupied  in  tine 
ttoti  of  Ui«  Aiime  priisciplei  In  tbe  stomach,  &nd  the  T«atiltf  mtm  of  ntcfmmij 
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as  a  guide,  the  following  may  be  taken  as  a  summary  of  what 
18  tiiown  regarding  the  facility  with  which  different  articles 
are  disposed  of  in  the  stomach : 

iMilk  is  one  of  the  articles  digested  in  the  stomach  with 
greatest  ease.  Its  highly  nutritive  properties  and  the  varie- 
ty of  principles  which  it  contains  make  it  extremely  valuable 
as  a.ri  article  of  diet,  particularly  when  the  digestive  powers 
are  impaired,  and  when  it  is  important  to  supply  the  system 
witH  considerable  nutriment.  Eggs  are  likewise  highly  nu- 
tritioiis  and  are  easily  digested.  Raw  and  soft-boiled  eggs 
are  more  easily  digested  than  hard-boiled.  Whipped  eggs 
are  apparently  disposed  of  with  great  facility.  As  a  rule, 
the  flesh  of  fish  is  more  easily  digested  than  that  of  the 
warm-blooded  animals.  Oysters,  especially  when  raw,  are 
quite  easy  of  digestion.  The  flesli  of  mammals  seems  to  be 
more  easily  digested  than  the  flesh  of  birds.  Of  the  different 
kinds  of  meat,  venison,  lamb,  beef,  and  mutton  are  easily 
digested,  while  veal  and  fat  roast-pork  are  digested  with 
^fflculty.  Soups  are  generally  very  easily  digested.  The 
animal  substances  which  were  found  to  be  digested  most 
^Pidly,  however,  were  tripe,  pigs'  feet,  and  brains.  Vege- 
table articles  are  represented  in  the  table  as  being  digested 
^l>out  the  same  time  as  ordinary  animal  food ;  but  a  great 
part  of  the  digestion  of  these  substances  takes  place  in  the 
intestine.  Bread  is  digested  in  about  the  time  required 
tile  digestion  of  the  ordinary  meati^. 

^^ion  of  the  Oast/ric  Juice  upon  the  Coats  of  the  Stomach. 

-5la.rly  in  the  physiological  history  of  digestion,  it  was 
*8«^e<i  of  those  who  adopted  the  view  that  the  stomach  se- 
^^^<i  a  fluid  capable  of  dissolving  many  of  the  articles  of 
^^^9  ^hy,  if  such  a  powerfully  solvent  fluid  be  thus  secreted, 
^  ixot  the  coats  of  the  stomach  dissolved  and  digested  dur- 
'fS"  life?   Tliis  question  was  diflScult  to  answer,  even  after 

^X^istence  of  a  solvent  gastric  juice  had  been  fully  demon- 
*^^^<3.    That  the  coats  of  the  living  stomach  enjoy  an  im- 
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iniirutj  from  the  atition  of  tbeir  own  secretion  during  life  ii  * 
guffleieutly  evidtsnt ;  at  the  same  time  that  it  is  appansnt  that 
tissues  like  the  etoniach,  and  even  the  gtomaeli  of  animals  bear- 
ing a  close  physiological  resemtlanee  to  the  huuian  subject, 
as,  for  example,  tripe^  are  e^ily  disposed  of  when  nse<J  as  fo^xl. 

Since  the  ob^ervationa  of  Hunter,  in  1772,  in  which  it 
was  shown  that  the  stomach  could  be  digested  atVcr  death 
in  persons  killed  suddenly  when  the  organ  contained  an 
abundance  of  gastric  juice,  the  cause  of  the  immunity 
of  the  stomach  from  dige:^tion  during  life  has  beeu  much 
discussed.  At  the  time  of  Hunters  observationSj  it  was 
still  a  question  among  physiologists  concerning  the  exist- 
ence of  a  solvent  fluid  in  tlie  stomach;  and  the  fact  noted 
by  bun,  that  there  were  few  dead  bodies  in  whicli  the  great 
pouch  was  not  in  some  degree  digested^  while  in  several  sub- 
jectSj  killed  suddeuly  while  in  good  health  and  fuU  dige^ 
tiou^  parts  of  the  cardiac  portion,  and  sometimes  even  por- 
tions of  the  diaphragm  were  entirely  dissolvedj  was  a  con- 
clusive proof  of  the  active  solvent  properties  of  the  gastric 
juice.*  The  facts  thus  observed  by  Hunter,  which  beh>ng 
more  to  patliology  than  to  physiology,  were  confirmed  by 
numerous  physiologists ;  and  it  only  remained  to  demonstrate 
the  reason  why  solution  of  the  coats  of  the  stomach  never 
took  place  during  life/ 

The  explanation  offered  by  Hunter  himself  has  not  been 
by  all  regarded  as  entirely  satisfactory.    It  was  assumed  by 

*  JgilSf  lipnTHt,  Obsej^'otioni  m  Certain  PurtM  of  ihe  Anrmal  dS^Mf, 
socoDd  edrtion^  London^  17012,  22(3,  and  American  edition  of  Works,  Philitlel- 
phia,  1840,  toL  jl>  p.  144.  The  origiiial  puper  waa  read  btjfonat  ihe  Motfoi  SfH- 
fttf^  June  18»  1^72,  and  wm  pi'iutetl  in  the  Fhihmphicat  Tramtactmnfj  toI  Itii, 

*  It  haei  been  foutid  tlmt  wkva  the  human  subjeet  or  one  of  the  mfenor  inf- 
nnilt?  lA  killed  whilf>  m  full  dlgestiaQ|  the  stomach  \rill  be  digested  »nd  geoerallf 
p^fforated  nfter  de^ath^  the  aution  taking  place  in  the  most  dt'pend^^nl  porttoo. 
In  order  to  secure  ihu  elTect,  it  is  only  nc^iessttrj  to  tnaint^im  Ihe  natural  tempep- 
itarft  of  the  body ;  ihis  being  a  condition  Indispensable  to  the  action  of  th« 
jy^tric  jniop,  uq  Jer  any  circumsiancea.  Wt»  have  already  alluded  Ip,  23l>)  to  tbe 
p-ai^archea  of  Mr.  T,  \V,  King  on  thii*  subject^  in  connection  with  the  function  of 
different  iwirts  of  the  mucoiw  membrane  of  the  stomt^h. 
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him  that  ^^auimali,  or  parts  of  anlmalsj  possessed  of  the 
living  prmciple,  when  taken  into  the  stomaelij  are  not  in  the 
least  affected  by  the  powers  of  that  idscus,  so  long  as  the 
auimal  principle  renmins."'  It  was  also  assnmed  thnt,  by 
virt-ae  of  this  prinelplcj  many  animals  are  capable  of  inhab* 
iting  the  storaach,  livmg  and  even  breeding  there.  It  is 
undoubtedly  true  that  a  living,  highly-organized  part,  abtm* 
dantlj  supplied  with  blood-ves^eb,  the  procefi&es  of  dis- 
a8«imilatiou  and  nntrition  taking  pUice  in  its  substance  Tvith 
great  activitVj  k  protected  from  the  action  of  a  fluid  like  the 
^tric  juice  by  the  very  eondittons  of  its  existence  ;  but  it  is 
desirable,  if  pos^iblej  to  define  these  protecting  conditions 
a  little  more  closely.  It  is  important,  moreoverj  to  know 
whether  it  is  literally  true  that  animals  may  maintain  an 
independent  existence  in  the  living  stomach,  as  was  sup- 
posed by  Hunter,  A  recent  writer  on  thi^^  subject  states  that 
there  are  no  examples  of  this  to  be  found,^  The  parasites 
which  infest  the  stomachs  of  some  of  the  inferior  anim^Ie;, 
as  the  horse  or  sheep,  are  finnlj  attached  to,  and,  indeed, 
partly  buried  in  the  mucous  membrane.  In  investigating 
the  accuracy  of  a  popular  belief  that  lizards  and  various 
ijther  animals  of  that  class  frequently  exist  for  a  long  time  in 
the  human  stoinach,  Dr*  Dalton  hjis  lately  shown  that  the 
ordinary  garden-slug  and  lizards,  introduced  living  into  the 
stomach  of  the  dog,  are  soon  killed  and  are  easily  digested/ 
An  interesting  experiment  by  Bernard  has  shown  most  con- 
clusively that  the  nutritive  processes,  as  they  take  place  in 
cold-blooded  animals,  do  not  enable  the  tissues  to  resist  the 
action  of  the  gastric  juice.  He  introduced  through  a  listuhmii 
opening  into  the  stomach  of  a  dog  the  posterior  extremities 

*  HcTfiTKa,  OtMcrpatwm  on  C$riain  Parlj  of  the  Animal  (Ecammtft  hoadm^ 

'n%  p.  m. 

*  Patt,  Oh  ihf  Immunity  mj&ytd  htf  the  Sktmoi^  from  B^nff  diffs$ttd 
ma  Srereiiojt  ditrm^  Id/f. — FhitoMojAi(^t  TV&macthm^  London,  1863,  p. 

*  DALtOS,  Ejperitnentat  Invt'stiffafhM  i&  ddertmna  nchethir  Ihi  OanUn^S^mff 
JBOH  in  the  Human  Stoma^A. — Amerieim  Jmimai  of  tKc  Medical  Stience^^ 
Apn\  1865»  p.  U^ds(q, 
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of  a  livHug  Irag,  and  the  parts  were  seBaibly  acted  u|m>ii  by 
the  gastric  juice j  eren  while  the  animal  was  alive  and  active,' 
A  still  mora  striking  experiment  was  made  by  Dr.  W,  Pavy, 
who  introduced  through  a  iistidoua  openiBg  iuto  the  stom- 
ach of  a  dc^  in  full  dige^tiouj  one  of  the  ears  of  a  rabbit, 
taking  care  to  avoid  mechanical  iujurjj  and  obstructing  the 
circulation  in  the  part  as  little  as  ptmible.  At  the  end  of 
two  hoarSi  several  large  spots  of  erosion  were  observed  upon 
the  ear ;  and  at  the  end  of  four  and  a  half  hourSj  rather  more 
than  half  an  inch  of  the  tip  bad  been  removed,  '^  a  small 
fragment  only  being  left  attached  by  a  naiiow  shred  to  the 
i'einaintler  of  the  ear>- ' ' 

Bernard  denies  tlie  protective  influence  of  the  "  living 
principle,"  as  advanced  by  Hunter,  and  attributes  the  ijii- 
mnnity  of  the  stomat^h  from  digestion  during  life  to  the  pre^^- 
enec  of  a  coating  of  mucus  and  epithelium,  the  latter  being 
continually  dissolved  l>y  the  gastric  juice,  but  renewed  as  fast 
as  it  is  destroyed.  According  to  this  supposition^  as  soon  a^i 
life  ceases,  the  epithelium  beini^  no  longer  renewed,  the  coats 
of  the  stomach  are  attacked,  if  any  gastric  juice  exist  in  it^ 
cavity.  The  linger,  when  introduced  into  the  living  stomadi 
through  a  fistula,  is  not  acted  upon,  beeauise  its  epidermic 
covering  is  not  capable  of  being  dissolved  by  the  gastric  juice; 
and  the  legs  of  the  living  frog  are  digested  because  the  epi- 
thelium is  not  readily  restored  after  it  is  removed/  Tliis 
explanation  is  unsatisfactory,  for  several  reasons.  In  the  tirst 
place,  it  is  simply  a  gratuitous  supposition  that  the  epithe- 
lium of  the  stomach  is  constantly  destroyed  1*y  the  gastric 
juice,  and  is  as  constantly  repTOduceti  Again,  in  eases  of  ul- 
ceration of  the  stomach,  or  other  structural  diseases  in  which 
portions  of  the  mucous  menibmne  are  deprived  of  epithelium, 
the  parts  thuts  denuded  are  not  acted  upon  by  the  gastric  juice 
during  life;  and  farthennore,  Pavy  has  shown  by  experi- 

'  BEKNARi»f  LrpjfU  de  Fhiftiologh  E^rimenial^  Paris,  IS5fl,  406, 
*  BEBTiARD^  op*  Wf,,  p.  404  ti  11^. 
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ni^enB^i;  that  the  mucous  membrane  may  be  dissected  from  a 
pox"^ion  of  the  stomach  of  a  living  animal,  and  the  organ  re- 
ttMrrB.^  to  its  place,  and  yet  secretion  of  gastric  juice  and  di- 
gestion of  food  take  place  as  usual,  without  the  denuded 
por-fcion  being  acted  upon.* 

-An  explanation  recently  offered  by  Pavy  is  exceedingly 
in^6xiious;  and  the  experiments  by  which  it  is  supported 
demonstrate  one  of  the  conditions  of  highly-organized  living 
pa-irts  which  is  inconsistent  with  the  digestive  action  of  the 
gast;x-ic  juice.    It  is  well  known  that  acidity  is  a  condition 
indispensable  to  the  action  of  the  gastric  juice  upon  any  prin- 
cix>le  or  tissue ;  and  so  long  as  the  mucous  membrane  lining 
tlio    stomach  is  abundantly  supplied  with  a  constantly-chau- 
gii^ig'  current  of  blood,  which  is  distinctly  alkaline  in  its 
reaotion,  it  is  impossible  for  the  gastric  juice  to  have  any 
eflfecit  upon  it.    The  immense  vascularity  of  the  lining  mem- 
of  the  stomach,  particularly  during  digestion,  is  in 
itsel:f  almost  a  sufficient  argument  in  favor  of  this  explana- 
A  tissue  thus  permeated  with  an  alkaline  fluid,  which 
.can    :tiever  be  neutralized  during  life,  because  it  is  constantly 
cbJanging^  cannot  be  digested  by  the  gastric  juice.  It  is  difficult 
to  support  this  view  with  experiments  which  are  not  open  to 
^^d^otion ;  and,  undoubtedly,  the  strongest  arguments  in  favor 
<>t  it  lie  in  tlie  known  conditions  necessary  to  digestion  in  the 
Btooaach.    In  the  case  of  the  legs  of  the  frog  and  tlie  ear  of 
the  x^bbit,  which  were  digested  in  the  stomach  of  the  dog 
^hil^  the  circulation  in  the  parts  was  not  interrupted,  the 
9^^ia.xxtity  of  blood,  in  the  first  instance,  is  so  small,  and  the 
cu-cxi.lation  so  languid,  that  it  could  readily  be  neutralized  ; 
the  vascularity  of  the  ear,  in  the  second  instance,  is  so 
that  it  can  easily  be  conceived  to  be  inadequate  to 
?  I>rotection  of  the  tissues.    Pavy  has  shown  that  the  stom- 
J.  ^    is  digested  during  life  in  rabbits  at\;er  the  application  of 
p^'^Xires  at  the  cardiac  and  pyloric  extremities,  the  supply 
being  fiirther  cut  off  by  ligatures  applied  to  the 

»  Op.  cit.y  p.  163. 
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vessels  passing  to  this  organ.  He  has  likewfee  shown  tfaa 
when  the  circulntian  is  arrested  during  life  in  a  portion  ol 
the  stonmeh  liy  drawing  it  up  and  applying  a  ligature^  the  pof 
tion  thus  coRstrieted  will  be  acted  upon  by  the  gastric  juitje. 
It  most  Ije  remembered,  bo^  ever,  that  in  both  thc^  experi 
njeuts,  tlie  inevitable  result  <*f  the  uperatiim  muBt  l>e  to  dimin 
iih  or  arrest  the  nntritive  processes,  and  thus  produce  sabslai] 
tially  the  same  condition  which  obtains  after  death.  Iti&m 
apptireiit,  indeed,  how  any  oj^^eration  can  be  perfomieil  on  i 
living  animal  by  which  t]ie  circulatiun  of  tlie  blood  in  th< 
wall§  of  the  etomachj  or  any  pait  of  the  organ,  will  he  int^ 
ruptedj  without  arresting  the  nutritiire  proce^  in  the  part 
for  these  depend  entirel  v  upon  a  proper  and  constant  supplj 
of  the  circulating  fluid.  Experiments  have  already  sufficienth 
well  demonstrated  the  influence  of  different  degree  of  aeiditi 
upun  the  iligestive  activity  of  the  gastric  juice.  It  iseri 
dent  that  after  deatli,  when  the  circnhition  is  arrested.  If  aaj 
considerable  quantity  of  gastric  jnice  ehould  he  preaenl  il 
tlie  etomach,  the  alkalinity  of  the  snxall  quantity  of  blooc 
which  remains  in  the  vessels  k  neutrali^scd,  and  offers  no  ob 
etacle  to  the  solvent  action  of  the  fluidj  provideil  the  propa 
temperature  be  maintaineih 

In  endeavoring  to  give  a  eatisfactory  answer  to  the  qvm 
tion  why  the  stomach  h  not  acted  upon  hy  its  own  f ecretior 
during  life,  it  is  impo^^ihle  to  ignore  a  similar  inquiry  whici 
presents  itself  with  regard  to  the  small  intestine  and  th« 
geeretions  whidi  are  poured  into  its  cAvitj,  The  iiitestioai 
secretions  are  undoubtedly  capable  of  digesting,  to  a  i^ertain 
extent,  animal  tii^snes,  although  tlie  process  is  niiieh  mon 
active  when  these  tiss^ues  have  ftret  undergone  prepamtioQ  tn 
the  stomach.  The  alkaline  reaction  of  the  bhnxl  eanm*t  hi 
regarded  as  the  condition  protecting  the  eoat^  of  the  filler 
tines  from  digestion  during  life,  for  the  digestive  fluidi  ix 
this  portion  of  the  alimentary  canal  are  themselves  alkaliiies 
there,  then,  any  a^iguable  reason^  aside  from  the 
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T£«:3iL^ty  of  the  blood,  why  animal  tissues  are  digested  in  the 
mnentiiry  canal,  wyie  the  coats  of  the  canal  itself  are  pro- 
t:^^3"ted?    Taking  into  consideration  all  the  facta  relating  to 
subject,  the  following  seem  to  be  the  most  rational  con- 
c3  J.  -KZB^ons : 

Although,  during  life,  the  secretions  discharged  into  the 
£^l.m~amentary  canal  ^nll  digest  the  various  articles  of  food  with- 
oxi^  attacking  the  canal  itself,  after  death,  the  accumulation 
iix      ^he  stomach  is  frequently  sufficient  to  digest  the  coats  of 
t  lx^^  organ,  causing  perforation  and  escape  of  its  contents, 
a-x^  c:3  acting  sometimes  upon  contiguous  parts.'  The  accu- 
^'■^'^ '■elation  in  the  jejunum,  where  intestinal  digestion  is  most 
»-<^^ive,  is  never  considerable;  for  digestion  is  here  complete 
^^^^3  rapid,  and  absorption  follows  immediately.    It  is  impos- 
^^l->le  to  say  whether,  if  the  digestive  fluids  should  remain  in 
'i^^antity  in  this  part  after  death,  post  mortem  digestion  of 
^1^^^  intestines  would  or  would  not  take  place. 

In  the  living  stomach,  the  circulation  of  a  great  quantity 
TO  alkaline  fluid  is  an  eflectual  barrier  to  the  solution  of 
"tissues  by  the  gastric  juice ;  for  acidity  is  an  indispensable 
^^^^^dition  to  the  action  of  this  fluid  upon  any  substance.  This 
dition  of  the  tissues  would  not,  however,  protect  the  walls 
^he  small  intestine  from  the  action  of  the  alkaline  fluids 
t^o-^red  mto  its  cavity. 

Inasmuch  as  digestion  involves  a  catalytic  transformation 
alimentary  principles  into  new  substances  with  distinctly 
^^^^^■^dified  properties,  it  necessarily  abolishes,  for  the  time, 
other  catalytic  processes.    For  this  reason  the  cata- 
•^^^^^  changes  incident  to  putrefaction  are  arrested  by  the 
^^^ion  of  the  gastric  juice,  the  more  powerful  process  of 
|.^*^ '^sformation  into  albuminose,  or  peptones,  taking  its  place. 
^  J     ^  « impossible  that  the  digestive  fluids  should  act  upon  any 
^^^"^Hg  part  in  which  the  catalytic  changes  incident  to  nutri- 
•  ^^"^^  are  so  actively  in  operation  as  in  the  mucous  membrane 
T^'S-xig  the  alimentary  canal ;  for  these  involve  a  constant  sup- 
^  of  new  material,  with  removal  of  effete  matter,  which 


2S2 


takes  plaee  witli  much  more  rapidity  tlian  is  ocmsistenl  witli 
the  gradnal  f^iermeating  and  Bolvent  Action  of  atiy  of  the 
digestive  fluids  TLese  flnids  coo  Id  not  long  remain  iti  con- 
tact witli  tlie  raseular  tissueg,  but  would  be  carried  fttraj  in 
the  torrent  of  Hie  circoktion.  The  digestion  of  p^rts  of  m 
living  cold*blooded  animal,  in  which  the  pp[)ces6e6  of  siitri- 
tion  are  rery  §low,  or  sligLtij  vascnlar  parts  of  a  waim- 
McKxled  animal^  is  not  inconsistent  with  this  Bnppoginon«' 

Circnm^tances  wfuch  influence  ^ma^Diffe^im^ 

The  TaTioiis  eonditionfi  which  influence  stomadi-dige&- 
Uon,  excsept  those  which  relate  excltisively  to  the  character 
or  the  qnantitv  of  i<XKi,  operate  ntaiolT  by  influeiicii^  die 
quant  it  J  and  quality  of  tlie  gastric  jnice.  It  is  eeldom^  if 
ever,  that  temperature  has  any  influence ;  for  the  t^nipem- 
ture  of  the  stomach  in  health  does  not  present  Tarifttaoaa 
sufficient  to  have  any  marked  eflcct  on  digeBttoiL  Ex- 
periments  in  artificial  digestion  have  shown  that  aliment- 
ary substances  are  mmt  rigorously  acted  upon  when  main- 
tained in  contact  with  gastric  juloe  at  or  near  100**  Fahr, 

As  a  rule,  gentle  esercise,  conjoined  with  lepoee  or 
agreeable  and  tranquil  occupation  of  the  mind,  is  mora 
favorable  to  digestion  than  absolute  rest,  A'^iolent  e3^e^eiele 
or  severe  mental  or  physical  exertion  is  always  undesirable 
immediately  after  the  ingestion  of  a  large  quantity  of  food, 
and,  as  a  matter  of  common  experience,  has  been  found  to 
retard  dig^tion.  These  facts  have  also  been  experijneot- 
ully  demonstratetl  by  Beaumont  in  the  case  of  St.  Martin/ 
8kep,  if  light  and  taken  in  the  sitting  posture,  ^enis  almost 
neoeesarv  to  easy  digestion  in  many  persons;  but  it  sliCNikI 
be  continued  for  only  a  few  minutes,   A  prolonged  and  deqp 

*  ir  gttMno  jniee  be  ipj«cl«d  under  the  akin  of  m  Mnog  uunifll,  as  «^  4am 
by  BeriuLrd  (<>p.  nL,  p.  407 oolatioi}  of  tbe  areolmr  tiiine,  which  b  hod--,  tsnilaf. 
end  Itt  tthieh  the  oatntire  i^rooessw  poaocas  v«rj  little  ■ctiritj^  ukos  plAce,  amI 
1^  more  rojicular  ttid  bighlj-orgittiaed  puU  trc  not  tttocktd. 

'  Op,  tiL^  IK  *4. 
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Bleep  immediately  after  a  full  meal  h  almost  always  inju- 
rioos,  und  extraordinary  heavina^  at  that  time  is  geuer^y 
mi  indication  that  too  much  food  has  been  taken. 

The  effects  of  sudden  and  considerable  loss  of  blood  u^m 
stomach-digestion  are  yei^  marked.  After  a  full  meal^  the 
whole  alimentary  tract  is  deeply  congested,  and  this  condition 
is  undoubtedly  necessary  to  the  secretioUj  in  proper  quantity, 
of  the  various  digestive  fluids.  When  the  entire  quantity  of 
blood  in  the  economy  u  greatly  diminished  from  any  cause, 
there  is  a  difficulty  in  supplying  the  amount  of  gastric  juice 
necessary  for  a  very  full  lueal,  and  disorders  of  digestion  are 
t  to  occur,  especially  if  a  large  qiiantityof  food  hare  been 
en.  This  is  ako  true  in  inanition  j  when  the  quantity  of 
Mood  is  greatly  diminished.  In  this  condition,  although  tlie 
system  constantly  craves  nourishment  and  the  appetite  is 
frequently  enormous,  food  should  be  taken  in  small  quanti- 
ties at  a  time. 

As  a  rule,  children  and  young  j^ersons  digest  tbod  which 
k  adapted  to  them  more  easily  and  in  larger  relative  quantity 
than  those  in  adult  life  or  in  old  age;  but  ordinarily,  in  old 
age,  the  digestive  processes  are  carried  on  with  more  vigor 
und  regularity  than  the  other  vegetative  i'nnctions,  such  as 
general  assimilation,  cireulation,  or  respiration. 

Injluefi^e  of  the  J!^ervmia  St/stem  on  the  Stomach. — ^It  is 
well  known  that  mental  emotions  frequently  have  a  mai'ked 
influence  on  digestioti ;  and  this,  of  coui'se,  can  take  place 
oidy  through  the  nervous  system.  Of  tlie  two  nerves  which 
are  distributed  to  the  stomach,  the  pueumogastrie  has  been 
the  more  carefully  studied,  experiments  upon  the  sympathetic 
being  difficult  and  unsatisfactory.  Though  the  complete 
history  of  the  influence  of  the  pneumogastric  nerves  upon 
dige&tion  belongs  to  the  section,  on  the  nervous  syetemj  it 
will  be  interesting  in  this  connection  to  consider  briefly  sonu; 
of  the  facts  which  have  been  ascertained  with  regard  to  the 
influence  which  these  nerves  exert  upon  the  &tomaeh. 
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It  will  not  be  necessary  to  disetiss  the  opttiioiis  of  the 
earlier  exj»t*rimeiiter^  upon  the  inflaetiee  of  section  of  th^ 
pneiimogastric  uerves  in  the  neck  on  &t(  juia<*!i-fligesti*>n  ;  ad 
rbeir  ex]>eriment^i  were  made  in  ignorance  of  the  feet  that 
divisiioti  of  tlieae  nerves  paralyzes  the  cesophaga^j  and  ren* 
dei's  the  deglutition  of  mofet  of  the  articles  of  ibod  irapoesihle. 
After  &ectujn  of  the  nerres  in  the  neck,  acts  of  deglntilioti  are 
apparently  performed,  but  tlie  foocl  collects  in  and  distends 
the  paralysied  oesophagnSj  and  does  not  pass  to  the  stomach*' 
It  k  not  surprising,  therefore,  that  the  firet  experiments  upon 
the  influence  of  the  pneimic»gaBtrics  on  digestion  should  hafs 
l»een  con  trad  ictorj-,  some  contending  that  section  of  the  nenree 
arrested  stomach-digestion,  while  others  maintiiined  that  the 
nerrea  had  little  or  no  influence  tipon  the  stomach.  It  h 
evident  that  without  an  appreciation  of  the  effects  of  section 
of  the  pneumogastrics  upon  deglutition,  observations  on  the 
influence  of  their  section  upon  stomacliMiigci^tion  would  be 
of  little  value. 

The  recent  experiments  of  Longet  seem  to  it 
wiiile  eection  of  the  pneamogaj^trics  in  the  neck  uu^.  liy 
lUmiuishes  the  secretion  of  gastric  juice^  the  production  of 
tliis  fluid  h  not  entirely  arrested.  He  states  thrtt  in  diy^ 
one  or  two  days  after  section  of  the  nerves,  lie  found  the 
lacteal s  filled  with  chyle  after  milk  had  been  passed  into  the 
stomach ;  but  it  is  now  well  known  that  chyle  is  in  srreat  part, 
if  not  entirely,  tbrmed  in  the  intestinal  eanal^  without  the  inter- 
vention of  the  Btomacb.  Another  experiment,  however,  is  more 
interesting*    After  section  of  the  pnenmogastries^  haTing  ex- 

'  Thii  obfierralloD,  fim  madt  hy  Boucha,rdAt  ftod  Suidm^  in  I  SI  «^  has  tiM 
brai  confirmed  bj  mmaj  experimenters.  Bemftrd,  alter  dlriding  tbt  pwsvmt^ 
gutrkd  in  tbe  middle  region  of  Ibe  neck  Id  a  do;g  wbieh  had  a  latge  ip^stm  ttMali^ 
gave  the  anbnal  mip  amd  eugurcd  luLlk,  which  he  mUs  with  driiSeii%,  mad  mtAe* 
many  efforts  to  »w allow;  Imt  the  matters  did  not  paii  inlo  tbe  atookaeh,  uA. 
were  soon  regurptated  hj  the  mo^th  {Lefona  tur  la  I^j^dolegie  il  la  PirtBUftyiy 
in  S^mt  Nm€UXj  Fkris^         tome  li,  p.  Tim  wa«  one  of  man^  ezpefi- 

meata  mcde  bj  Bernard  with  tbe  same  resulu  {Ltftm$  4i  F^jftM)^  jS^pM- 
*tiHtak^  Taru^  ISSe,  p.  435). 
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[>o&od  the  Diuooue  nienibrane  of  the  stomach,  he  fi^uiul  t!iat 
m  acid  fluid  appeared  in  parta  ^vhieli  were  subjected  to  me- 
rfiank*al  or  galvanic  irritation,'  The  general  results  of  hie  ex- 
perimeTit^  on  thisi  subject  were  that  after  the  division  of  botJi 
pneiimogastric  ner^^es,  small  quantities  of  food  could  be  di- 
gested in  the  stomach,  but  that  a  considerable  mass  \vm  only 
chjmified  on  the  surtace,  the  centre  not  undergoing  any  altera- 
tioD.  This  he  attributes,  not  so  much  to  ari-e&t  of  eecretiou 
lif  the  gastric  juic^,  as  to  para! j&is  of  the  movements  of  the 
itomach|  which,  when  tlie  mass  of  food  is  considerable,  are 
necessary  in  order  to  exjiose  all  paits  to  the  action  of  the 
pstric  juice.' 

The  experiments  of  Bernard  on  thiii  subject  ai'e  very  clear 
and  satisJ'actory,  When  the  mucous  membrane  of  the  etora- 
uch  was  turgid  with  bloodj  the  animal  (a  dog)  being  in  full 
digestion  and  provided  with  a  large  gastric  fistula  so  that 
tlie  change^i  which  might  take  place  in  the  stomach  could  be 
readily  observed,  the  pneumogastric^  were  divided  in  the 
neck.  At  once  the  mucous  membrane  became  pale  and  flac- 
eidj  and  the  secretion  of  gastric  juice  was  arrested.  When 
the  animal  died  after  section  of  the  pneumogastric^  during 
digestion,  it  wa^  remarked  that  the  abeoi-ption  of  chjle 
seemed  to  have  been  arretted,  the  lacteals  being  found  to 
contain  coagulated  chyle  even  as  far  as  the  villi  of  the  intes- 
tines.' According  to  these  experiments,  the  action  of  gas- 
trie  juice  which  might  exist  in  the  stomach  at  the  time  of 
section  of  the  pnenmogastrics  would  continue,  but  no  new 
fluid  is  eecreted  ;  and  if  the  fluid  thus  remaining  in  the 
gtomach  he  neutralised,  digestion  is  immediatelj  arrested. 
In  one  experiment  in  which  the  pnenmogastrics  had  been 
divided,  having  pi-eviously  emptied  the  stomacli,  Bernard 
introduced  meat  finely  divided.    The  next  day  the  meat  had 


*  LoKGiT,  TraUi  dt  Fhyskio^y^  Parig,  1868,  tome  i,  p.  a7€. 

•  Op.  dt,  p.  276. 


a  dktinctlj  aoimoniacal  odor  and  an  alkaline  reaetion, 
the  result  of  spontaneous  decomposition,* 

These  experiments  show  only  an  immediate  arrest  of  the  | 
eeeretion  of  the  gastric  juice.  In  certain  exeeptional  ii^^ 
Btances  in  which  animak  snrvive  the  section  of  both  ner^d^H 
fur  a  number  of  days,  or  sometimes  even  recover,  it  has  been| 
noted  that  aller  a  few  days  an  acid  secretion  again  takes  I 
place  in  the  stomach/  I 

Though  much  confusion  exists  in  the  earlier  obserrotions 
on  the  effects  of  section  of  the  pnenmogastries  npon  the 
stomachy  the  conclusions  to  be  drawn  from  more  recent  ex- 
periraents  are  tolerably  detinite*  •! 

There  can  be  no  donbt  that  division  of  both  these  | 
nerves  produces  immediate  and  grave  disorder  in  tlie  pro-  i 
cess  of  stomach-digestion  J  amounting,  it  is  more  than  prob- 
able, to  complete  arrest  of  the  secretion  of  the  gastric 
juice.  Its  secretion  may  be  induced  again  by  local  stimula- 
tiottj  but  the  quantity  is  always  greatly  diminished.  Under 
these  circnmstances^  it  is  po^ible  that  very  small  quantities 
of  food  may  be  digested  in  the  stomach  a  day  or  two  after 
the  operation ;  and  if  the  animal  survive  for  a  considerable 
time/  the  secretion  iimy  be  to  a  certain  extent  reedtablisbed. 
Serious  trouble  in  stomach-digestion  is  produced  by  the  pa- 
ralysis of  the  muscular  coats  of  the  stomach  conse<]nent  npon 
section  of  both  pneuniogastrics. 

Piiri9,  1858,  tome  li.,  p.  418* 

*  Ibid. 

*  One  of  the  inimda  opemted  upon  bj  Bernard  ]lttd  tot  tefrnteen  dftfi 
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MOVEMENTS  OF  THE  STOMACH. 

^^^^o  T-mcter  of  the  contractions  of  the  muscular  coat  of  the  stomach — Movements 
^n.  the  cardiac  and  in  the  pyloric  portion — Mechanism  of  the  moTements  of 
^J^e  stomach-:— Rumination,  and  regurgitation  from  the  stomach — Rumination 
in  the  human  subject — Vomiting — Mechanism  of  vomiting — Condition  of  the 
«!"  tomach  during  the  act  of  vomiting — Action  of  the  diaphragm  in  vomiting— 
•Auction  of  the  abdominal  muscles  in  vomiting — Action  of  the  oesophagus  in 
Vomiting — Summary  of  the  muscular  action  which  takes  place  in  vomiting — 
ElTuctation. 

-As  the  articles  of  food  are  passed  into  the  stomach  by  the 
••^t»  of  deglutition,  the  organ  gradually  changes  its  form,  size, 
position.  "When  the  stomach  is  empty,  the  opposite  sur- 
fa.oe«  of  its  lining  membrane  are  in  contact  in  many  parts,  and 
"thrown  into  numerous  longitudinal  folds.  As  the  organ  is 
diistr ended,  these  folds  are  eflFaced,  the  stomach  itself  becom- 
es* xnore  rounded ;  and  as  the  two  ends  with  the  lesser  curv- 
^'^Ux^c  are  comparatively  immovable,  the  whole  organ  un- 
d^x-"^.^  a  movement  of  rotation,  by  which  the  anterior  face 
^^^c>me8  superior,  and  is  applied  to  the  diaphragm.    At  this 
the  great  pouch  has  nearly  filled  the  left  liyjX)chondriac 
f^S^cjn,  and  the  greater  curvature  looks  anteriorly,  and  comes 
^^^<:>iitact  with  the  abdominal  walls. 

-  -^^ide  from  these  changes,  which  are  merely  due  to  the 
^^S^«tion  of  food,  the  stomach  undergoes  important  move- 
^^^^^ts,  which  continue  until  its  contents  have  been  dissolved 
absorbed,  or  have  passed  out  at  the  pylorus.   But  while 
^^^^-^  movements  are  taking  place,  the  two  orifices  are  guard- 
^        that  the  food  shall  remain  for  the  proper  time  exposed 
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fj3  the  actioa  of  the  gastric  juice.  We  have  iJi*eadj  noted 
the  rhythmical  contractions  of  the  lower  extremity  of  the 
cesophagus,  by  which  regiu^itation  of  food  prevented : ' 
and  the  circular  fibres,  which  form  a  thick  ring  at  the  py- 
lorus, are  constantly  contracted,  so  that,  at  lea^t  during  the 
tiiist  periods  of  digestion,  only  liquitU  and  that  portion  of 
food  which  has  been  reduced  to  a  pultuceous  eonsistence  eau 
pass  into  the  small  intestine-  It  is  well  known  that  this  re- 
sistance at  the  pylonis  does  not  endure  indefinitely^  for  in<ii* 
geistible  articles  of  considerable  size,  ^nch  as  fvtoneg,  Iiave 
been  passed  bj'  the  anus  atter  having  been  introduced  id  to 
the  stomach ;  but  obser\*ation  has  shown  that  niBsse^  of 
digestible  matter  are  passed  by  the  movements  of  the  ;?tom- 
ach  to  the  pylorus  over  and  over  again,  axul  do  not  find 
their  way  into  the  intestine  until  they  have  become  softened 
and  broken  down. 

The  contractions  of  the  walls  of  the  stomach  are  of  th 
kind  characteristic  of  the  non-striated  mnseular  fibres.  If 
the  finger  be  intTodueed  into  the  stomach  of  a  living  anim) 
during  digestion^  it  is  gently  but  rather  firmly  grasped  bj 
continjction  which  is  slow  and  gradual^  enduring  for  a  f 
sec4>nde,  and  as  slowly  and  gradually  relaxing  and  pacing  t 
another  part.    The  movements  during  digestion  undouhi 
edly  present  certain  differences  in  different  animals ;  hu 
there  can  be  no  doubt  that  tlie  phenomenon  is  universal,  h 
spite  of  the  experiments  of  some  physiologists  anterior  to  Ui» 
time  of  Haller,  who  exposed  the  organ  and  always  found  L 
passive.   In  dogSj  when  the  abdomen  is  opened  soon  aft 
the  ingestion  of  food,  tl»e  stomach  appears  pretty  tirmly  eof 
traeted  on  its  eontentg.    In  a  ca^e  repoited  by  Todd  an* 
Bowman  J  in  the  human  subjectj  in  which  the  stomach  w 
very  much  hypertrophied  and  the  walls  of  the  abdom^ 
wei'e  very  tlun^  the  vermicular  movements  could  Ijc  di^ 
tinctly  se^n.    These  movements  were  active,  resembling  t 
peristaltic  movements  of  the  jntestineSj  for  which,  iiid 

'  See  pige 
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niietaten,  as  the  niiture  of  tlte  cme  vvas  not  recog- 
mked  during  life/    Ko  argument,  therefoi^,  seeipe  necessaiy 
show  tliat  during  digestion,  the  stomach  is  the  seat  af 
^olemblj  active  movements, 

A  peetrliaritj  in  the  movements  the  stomach,  which 
lias  been  repeatedly  observed  in  the  lower  atiimak^  partic- 
^ilarly  dog^  and  cats,  and  in  certain  cases  lias  been  eon- 
^rmed  in  the  himian  subject,  is  that  at  about  the  juuction  of 
^be  cardiac  two-think  with  the  pyloric  tfiirdj  there  is  fre- 
C|nently  a  transverse  hand  of  libres  so  firmly  contracted  as  to 
^'livide  the  earitv  into  two  almost  di&tinct  compHrtments. 
Jt  has  also  been  noted  that  the  eontmetions  in  tbe  cardiac 
^liviaion  are  much  less  vigorous  than  near  the  pylorus ;  the 
stomach  Fieeniing  simply  to  adapt  itself  to  the  food  by  a 
gentle  pressure  as  it  reniains  in  tlie  great  pouchy  while  in  the 
pyloric  portion,  divided  ofl'  as  it  is  by  the  hour-glass  con- 
trraetion  alx)ve-mentloned5  the  movements  are  more  frequent, 
vigorous,  and  ej^ulsive.  We  must  again  refer,  however,  to 
%he  observations  of  Beaumont  for  the  only  accurate  d^crip- 
%ion  of  the  movements  of  the  stomach ,  as  they  take  place 

t-^luriiig  digestion  in  the  human  subject, 
The  experiments  of  Beaumont  were  generally  made  with 
he  etibject  lying  on  the  right  side,  and  the  movements  of  the 
toraaeh  were  observed  by  following  with  the  eye  a  particular 
*i]orsel  of  food  as  it  passed  along,  or  by  introdneing  the  bnlb 
^ffTjf  a  themometer  into  the  organ,  and  allowing  it  to  njove  with 
I^Khe  alimentary  mass.    It  was  invariably  found  that  the  move- 
^neiits  of  the  thermometer-bnlb  were  the  same  as  those  ob- 
l^p^rved  by  identifying  and  following  a  particnlar  portion  of 
|P»bod.   As  the  alimentary  bolus  entei's  by  tile  cardiac  opening, 
t  tnnis  to  the  leftj  descentls  in  to  the  great  pouch,  and  followa 
^he  greater  curvature  to  tlie  pyloric  end.    It  then  return?  t£> 
%Jie  cardiac  orifice  by  the  lesser  curvaturej  and  takes  again 
^%Jie  same  course  as  before.    While  these  revolutions^  eo  to 

Toup  Bow¥d^f  The  Fft^rtolofftml  Anaiam^  a^nd  Fktfsiolegy  of  Man, 
delphia^  mi,  p.  m) 
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fipeakj  of  tlie  aliiiientaiy  mass  are  going  on^  tlie  food  La  turned 
(tver  and  over^  so  that  it  beeomes  intimately  mixed  with  the 
digestive  fluidfi  and  eubjeeted  to  a  cei'tairi  amount  of  tritura- 
tion. This  action  is  undoubtedly  of  great  importance,  m 
ireah  portions  of  food  ai*e  thereby  continually  exposed  to  the 
action  of  the  gat?tric  juice,  and  the  boluses,  with  their  partidea 
agglutinated  to  a  certain  extent  in  the  mouthy  are  disinte- 
grated and  jienetrated  with  the  gastric  fluid  in  every  part, 

A  marked  difference  was  observed  between  tho  move- 
ments in  the  cardiac  and  in  the  pyloric  portion,  When  the 
thermometer-bulb  arrived  at  tho  contacted  septum,  which 
was  three  or  four  inches  irom  the  pyloric  end,  it  waa  at  flrnt 
stopped  by  the  forcible  contraction;  but  in  a  short  time 
tliere  was  a  gentle  relaxation  which  allowed  it  to  pass,  when 
it  was  drawn  quite  forcibly  for  three  or  four  inches  toward  the 
pyloric  opening.  When  in  this  portion  of  the  stomach,  the 
l>ulb  was  finnly  grasped  and  made  to  undergo  a  sph'al  mo- 
tion ;  and  if  drawn  forcibly  out,  it  gave  to  the  fingers  the 
sensation  of  being  held  by  a  strong  suction  force.  As  soon 
as  relaxation  occurs,  the  bulb  is  passed  back  to  the  seat  of 
stricture,  and  when  pulled  through  this^  it  moves  freely  in 
the  great  cavity. 

Each  one  of  these  revolutions  was  tbund  to  occupy  from 

one  to  tliree  minutes,    Thev  were  slower  at  first  than  after 

*' 

digestion  had  been  somewhat  advanced*' 

The  mechanism  of  these  movements  is  easily  appreciated 
when  we  conaider  the  nmnljer  and  varied  direction  of  the 
fibres  which  form  the  muscular  coat  of  the  stomach,  and  the 
tact  that  the  stomachy  when  distended,  is  more  or  less  dis- 
placed with  every  movement  of  the  diaphragm.  It  is  easy 
to  understandj  also,  how  in  the  pyloric  portion^  where  the 
muscular  fibres  are  thickest  and  the  cavity  is  comparatively 
smaU  and  elongated,  the  movements  should  be  more  vigorous 
and  exjudbi^e  than  over  tlie  rest  of  the  organ.  We  have 
ah'cady  alluded  to  the  fact  that  the  movements  of  the  etoui- 
'  BsjtffJiosTT,  <ip.  eit,  p.  109  d 
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mch  are  animated  by  the  pneiimogastric  nerves  and  become 
wrested  when  both  these  nerves  are  divided.* 

As  the  result  chiefly  of  the  observations  of  Beaumont,  the 
"following  may  be  taken  as  a  summary  of  the  physiological 
Tnovements  of  the  stomach  in  digestion : 

The  stomach  normally  undergoes  no  movements  until 
ibod  is  passed  into  its  cavity.  When  food  is  received,  at  the 
same  time  that  the  mucous  membrane  becomes  congested  and 
^he  secretion  of  gastric  juice  commences,  contritions  of  the 
xnuscular  coat  begin,  which  are  slow  and  irregular  during 
the  commencement  of  stomach-digestion,  but  become  more 
Tigorous  and  regular  as  the  process  advances.  After  diges- 
tion has  become  fully  established,  the  stomach  is  generally 
divided  by  the  firm  and  almost  constant  contraction  of  a 
transverse  band  of  fibres  into  a  cardiac  and  a  pyloric  portion  ; 
the  former  occupying  about  two-thirds,  and  the  latter  one- 
third  of  the  length  of  the  organ.  The  contractions  of  the 
cardiac  division  of  the  stomach  are  uniform  and  rather  gen- 
tle ;  while  in  the  pyloric  division  they  are  intermittent  and 
more  expulsive.  The  effect  of  the  contractions  of  the  stom- 
ach upon  the  food  contained  in  its  cavity  is  to  subject  it  to 
a  tolerably  uniform  pressure,  with  a  certain  amount  of 
trituration  and  agitation,  in  the  cardiac  portion,  the  gen- 
eral tendency  of  the  movement  being  toward  the  pylorus 
dong  the  greater  curvature,  and  back  from  the  pylorus 
toward  the  great  pouch  along  the  lesser  curvature.  At 
the  constricted  part,  which  separates  the  cardiac  from  the 
■pyloric  portion,  there  is  an  obstruction  to  the  passage  of  the 
ibod  until  it  has  been  sufficiently  acted  upon  by  the  secre- 
iions  in  the  cardiac  division  to  have  been  reduced  to  a  pul- 
taeeous  consistence.  The  alimentary  mass  then  passes  into 
the  pyloric  division,  and  by  a  more  powerful  contraction 
than  occurs  in  other  parts  of  tlie  stomach,  it  is  passed  into 

'  The  question  as  to  how  far  the  sympathetic  system  of  nerves  is  ever  con- 
cerned in  the  movements  of  the  stomach  will  be  cousidered  in  treating  specially 
nf  the  nervous  system. 
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the  ^mall  iiitaatine,  Tliis  completer  the  distinction  Letween 
tiie  two  portions  of  the  stomach,  the  cardiac  divi^itm  oulir, 
as  we  have  already  seen,  p<jases6iiig  a  mucotis  meoihraiie 
capable  of  secreting  the  Tnie  solvent  gastric  juice. 

The  revolutions  of  the  alimentan^  ma^^  thw^  aeeom- 
plifched,  tate  place  slo^  lr,  by  gentle  and  peisistant  contrac- 
tions of  the  muscular  coat  j  the  food  occupying  from  one  to 
three  minutes  in  its  passage  entirely  around  the  &toma.eh. 
Ever)^  time  ^at  a  revolution  is  accomplished^  the  content* 
of  the  stomach  are  somewhat  diminished  in  quantity  j '  prul> 
ably,  in  a  -flight  degree,  fi'om  absorption  of  digested  matter 
by  the  stomach  itself,  but  chiefly  by  the  gradual  passage  of 
the  softened  and  disintegrated  mass  into  the  small  intestine. 
This  process  continues  until  the  stomach  is  emptied,  i>4> 
eupying  a  period  of  from  two  to  four  hours ;  after  which,  the 
movement  of  the  etomach  cease  until  food  is  again  in- 
troduced. 

If^pmnMiony  Yomiiing^  and  Eructation. 

Rumination  and  Hegtirgituthn, — Regurgitation  of  par& 
of  the  contents  of  the  stomachy  in  the  himian  subject,  thongk 
of  frequent  occurrence,  particularly  in  early  life^  is  not  strictir 
a  physiological  act ;  and  is  always  due  either  to  overloading 
of  the  stomach  or  some  pathological  condition*   But  in  some 
of  the  iiifenor  animals  this  is  habitual ;  a  certain  clasa^  cnlleJ 
ruminants^  regularly  passing  the  food,  after  the  firt^t  dcgk- 
tition,  in  small  quantiti^  from  the  paunch  into  the  mouthy 
where  it  uudei^goes  a  second  mastication,  and  h  only  tli 
permitted  to  pass  to  the  eeerettng  stomach  and  tlie  rest 
the  alimentary  canaL    Animals  of  this  class,  exaniple^^ 
which  are  the  ox,  sheep j  goat,  and  the  camel  and  tlie  d 
tribe,  are  invariably  herbivorous,  and  take  into  the  stom 
a  large  hulk  of  matter  from  which  is  elaborated  a  compa 
tively  small  quantity  of  nutriment.    During  the  period  wh 
they  are  nourished  by  milk,  rumination  dt^fs  not  take  placa 

'  B£AUHO!«T,  0/1,  <i/.|  ^,  lis. 
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rile  oixlinarj  food  taken  by  tlicse  animalg  pa^es^  in  great^t 
|*n.rr,intc»  tlie  first  stomach  or  rumen ;  a  small  portion,  which 
t-*»:*ti&fatd  of  the  moist  and  finely  divided  partis,  pasaes  into  the 
&ec»yad  stomachy  but  none  h  received  into  the  third  and 
the  fonrth  stomach."  In  the  first  stomach,  ai-e  thna  collected 
all  the  dry  and  coar^  pai*t5  of  the  fwd,  which  are  here 
slowly  but  continuously  rigitated  by  the  movements  of  the 
mosctilar  coat.  Most  of  the  liquids  taken  and  a  consider* 
able  quantity  of  saliva  accuraiilate  in  the  second  storaach,  or 
reticulum.  When  the  proi>er  quantity  of  lood  has  been  taken, 
stnall  quantities  are  forced  by  the  contractions  of  the  muscu- 
lar wall  into  a  canal  or  groove,  which  is  a  continuation  of  the 
ci?soi>hiigus,  and  is  bounded  by  two  lips  capable  of  closing  over 
the  top,  so  a^t  to  completely  separate  it  from  the  great  cavjty. 
Here  the  fcfod  is  moistened  by  fluids  poured  in  from  the  sec* 
ond  stomach  J  and  a  small  holm,  moulded  by  the  muscular 
eontractioiiH  of  the  walls  of  the  canal,  is  prepared  to  be  passed 
back  to  the  mouth.  The  bolus  is  then  passed  along  the 
esophagus  bj  the  antiperistaltic  contractions  of  it-s  muscular 

*  Alt  niminating  ftiiimal»  have  multiple  stgrnachs,  j^eaemlly  wjih  fuyr  dis- 
tinct dtrkioo^  Th6  first  stomcM^b,  callod  the  mmen  or  paunchy  ia  the  mo^t 
mpac'mm.  It  Is  geucmllj  ilirided  into  hgtcihI  &nd  Uaad  hj  a  mucoiis 
mernbraiie  with  numejrouB  fiIU,  anri  covered  by  a  ilcuBe  layer  of  ei>lih(.4iutru 
Tln&  eeeond  stomachj  callQd  the  rctictilum^  b  verj  much  smaller  than  the  firsts  U 
(tre^enti  in  its  mucoua  membmne^  a  large  number  of  deep  polyf^rmal  pits,  like 
the  C4?ll9  of  the  honej-coiiib,  find  always  contaiDS  a  cotiialderablt!  quantity  of 
liquid,  Tliere  is  a  very  free  commiinication  between  the  rctiealum  and  the  ru- 
men. The  third  ^toinach,  cdleil  the  otnasum,  or  psattenum,  Is  ovoid  hi  forro^and 
ili  mueoua  meinbrany  is  amiuged  lu  folda  like  the  leavca  of  a  bo<jk,  giving  it  tk 
fery  reinjirkabJe  atipeiiriiticc  These  folda  q.t^  alternately  wide  and  natTow. 
The  fourth  atomaub^  Cfdled  the  abomosum,  is  the  tme  sircreiing  organ.  It  is  li»e  t 
by  a  soft,  glandular  mucona  membrane^  and  resembles  thQ  si  agin  fltomacb  of 
la^KSt  mammals.  In  the  camel,  in  addition  to  the  above  eompartments,  the 
itomieh  h  provided  with  several  grou|is  of  large  saea  attached  to  the  ruraen. 
These  receive  only  liquids,  and  are  provided  with  bonds  of  niu3<rular  fibres  around 
their  opeoingat  so  that  their  llipiid  contents  niaj  be  retained  and  stored  up  for 
future  use*  In  this  animal^  the  Cells  of  the  roticulnm  are  unuauatly  deep,  narrow 
at  their  openings,  and  art?  capable  of  toeing  clofled  by  the  Dontractiom  of  mu* 
vular  fibres  situated  at  their  oiificva« 
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coat,  allied  Ly  a  brisk,  powerful,  and  ii^voluntary  eontractdon 
of  the  abdominal  miific^lea  and  the  diaphragm.  Though  thii» 
act  is  aided  by  the  contractions  of  the  oessophagus  it^lf,  it  can 
not  be  accomplished  without  the  aetion  of  the  diaphragm  and 
abdominal  muBolee,  This  has  been  proven  bj  experiments  in 
which  these  muscles  have  been  paralyzed ;  when  rumination 
becomes  unpofesible.  Tlie  passage  of  the  bolus  from  the  ru- 
men to  the  mouth  takes  place  with  great  rapidity,  and  has 
nothing  of  the  gradunl  character  which  is  noted  in  the  peris- 
taltic movements  of  the  intestinal  canaL  In  the  rurnen,  con* 
trary  to  the  opinion  which  at  one  time  obtained,  the  food  is 
only  macerated  in  the  fluids  which  have  been  sw^allowed, 
nothiug  being  secreted  in  its  cavity ;  but  the  position  of  the 
reticulum  is  such  as  to  favor  the  accumulation  in  ita  cavity 
of  fluids,  consisting  of  saHvary  secretion  which  has  been 
swallowedj  and  fluids  taken  as  drink.  There  is  no  evidence 
that  there  Ib  any  fluid  secreted  in  the  second  stomach. 

When  a  bolus  is  thus  brought  back  to  the  mouth,  it  mi* 
dergoes  the  Bec^jnd  masticationj  which,  in  the  ox,  is  gener- 
ally something  less  than  a  minute  in  duration.  At  this  time 
it  is  still  farther  moistened  by  an  abundant  flow  of  BaUva, 
taking  place  almost  entirely  from  the  parotids. 

After  the  second  mastication  has  been  aecomplii^hed,  the 
mass  is  swallowed  with  great  rapidity ;  and  as  it  is  now 
soft,  and  inconsiderable  in  eize,  it  does  not  distend  the  caual 
which  parses  from  the  oesophagus  to  the  third  etomach  so  as 
to  separate  the  lips  and  escape  into  the  rumeHj  but  passes  di- 
rectly into  the  third  stomach,  or  omasum.  In  the  omasum^ 
the  fiKKl  is  pressed  rather  forcibly  between  the  leafdike  folds 
of  the  mucous  membrane,  and  gradually  passes  from  this  to 
the  fourth  stomach,  or  abomafium,  which  is  the  true  stomach 
of  these  animals,  and  the  only  one  which  secretes  the  gastric 
jiuce+  Tliere  is  no  raaBon  to  believe  that  any  fluid  is  se- 
creted in  the  third  stomach,  the  contents  of  which  are  always 
remarkably  dry. 

The  sef'ond  deglutition  is  foDowed  very  soon  by  the  pa* 
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«ige  of  a  new  bolus  to  the  mouth  for  rummation ;  the  inter- 
nal of  time  being  very  short,  only  from  four  to  five  secondfi.* 
There  is  considerable  difiereiice  in  the  length  of  time  em- 
ployed by  different  animaU  in  mini  nation.  In  the  ox,  about 
t*Jie-qnarter  of  the  day  is  thus  ocunpied ;  but  in  the  &heep 
and  the  goat  the  process  is  much  more  rapid.* 

Additional  interest  is  attaehed  to  the  function  of  rumi* 
nation  in  the  iuferior  animals,  in  connecticm  with  human 
physiologyj  from  the  ftict  that  an  analogous  process  lias 
sometimes  been  obeerved  in  tlie  human  subject ;  thongh  it  is 
mre  and  generally  connected  mtli  a  pathologit'al  condition. 
Such  caa^  have  been  often  quoted,  and,  in  the  earlier  works 
on  phvHology,  were  frequently  exaggerated ;  but  a  few  in- 
staneeSj  well  authenticated,  are  on  record  in  which  runjina- 
tion  had  become  habitual,  A  very  remarkable  com  of  this 
kind  m  reported  by  Home.  The  sulyject  was  an  idiot-bo}",  aged 
nineteen  years,  who  had  an  appetite  so  ravenous  that  it  be- 
^me  necessary  to  restrict  the  quantity  of  food.  At  dinner  he 
ordinarily  ate  about  a  pound  and  a  half  of  meat  and  vegeta- 
blefi,  swallowing  the  whole  in  two  minute:?.  He  began  to  chew 
the  end  at  the  end  of  a  quarter  of  an  houn  The  muscles  of 
the  throat  cr»uld  Ije  eeea  to  ctrntract  when  the  bohis  was 
pa@ied  back  to  the  moutlu  lie  chewed  the  food  by  two  or 
three  movements  of  tlie  jaws  and  then  swallowed  it  again* 
This  was  repeated  at  intervals  for  half  an  honr^  during  which 
time  he  was^  always  more  quiet  than  usuab  The  intellet't 
was  so  feeble  that  it  was  impossible  to  ascertain  whether  the 
rumination  was  voluntary  or  involuntary.*  One  of  the  cases 
of  rumination  most  frequently  referred  to  is  that  of  M, 
Cambay,  who  studied  the  phenomena  in  his  own  person j  and 

*  CoLiK,  IVaiii      Ph^iotiigie  Cotnparie  dm  Animam  Dam«tHq^^  Parii, 

*  C0Lt«,  t>p.  eit,^  p.  531, 

'  Home,  OffKfvationt  on  the  ASfmdlirtf  u/  th^  ^ottmeht  ftf  BiffcrrtU  Atmmsk^ 
miih  a  WW  lo  thridtilcthe  /Vficcyt  cf  mnverti'iff  Animaf  ami  r*i^aA/ef  SitbtUan^m 
m$t  ChyU,~PhifiNffij^tif0f  Tranm^Hons,  London,  1807,  p.  174* 
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made  it  the  subject  of  an  inaugural  thesis ;  and  anotlier  ii* 
tlie  ciim  of  the  brother  of  M,  P.  Berari*  In  these  InstaaceBij 
BB  far  as  could  be  B5c5ertaiued  from  the  seD&ations  dming  tlie! 
actj  the  regurgitation  of  food  was  effected  by  persistant  oon-^ 
traclioQS  of  the  muscular  walls  of  the  Btomach,  asdisted  by  il 
jflight  aud  abiioM  involuntary  contraction  of  the  abdomkial 
muscles  and  diaphragm.  It  is  stated  by  Canibaj  that  in  bis 
ca&Cj  the  Ui^te  of  the  articles  of  food  was  not  modified,  bati 
that  it  1!*  with  something  of  a  sense  of  pleasure  that  tlie  rn-^ 
minator  thus  causes  to  return  to  the  mouth  the  alimenU  tlifll| 
he  has  taken  into  the  st43mach,  which  makes  them  nrnj^ffijiJ 
a  new  trituration.  fl^^l 

Humination  in  the  human  subject  is  not  a  phy^ioro^HI 
act.  It  is  evident  that  the  snbstaiices  returned  to  th« 
mouth  are  not  impregnated  with  the  ga&tric  juiwj  for  they 
have  not  the  disiigreeable  acid  taste  of  ordinaiy  vomited 
matters.  The  acts  are  generally  preceded  by  a  aenee  of  ful- 
ness in  the  stomachj  and  their  jiiechanism  is  probably  neariyi 
the  same  as  that  of  the  regurgitation  of  gniall  quantitiee  of 
milk  from  the  distended  stomachs  of  young  children ,  which 
is  so  common.  In  the  person  of  Cambay,  the  first  act  wm^ 
mlil  to  be  volimt-ary,  but  succeeding  ones  were  not  under  tbo 
control  of  the  M'ilK  Undoubtedly  the  faculty  of  regargita-' 
ting  the  food  may  be  improved  by  practice,  and  we  hsml 
known  of  an  instance  in  which  it  was  apparently  cultivated 
n%  an  acconiplLshmont, 

The  mechanjjsm  of  regurgitation  of  portions  of  the  l'oii- 
tents  of  tlie  stomach,  aside  from  instancai  simulating  rami* 
natioUj  has  been  so  often  alluded  to  that  it  demands  in  thiA 
ct^miection  but  a  passing  mention*  In  some  persons^  this  act 
may  be  accomplished  by  a  voluntary  muacular  effort,  espe*; 
cially  when  the  stomach  is  overloaded.  It  occ-a&ionally  b^-^ 
pens,  when  the  stomach  is  somewhat  distended,  that  a 

*  Mtm^UD^  Court  <fo  Phyit^ogie^  PatU,  1849/ tmoe  il,  pi  2^4. 

f^r^  dt  Mid€cme,  PaHi,  IBZO,  tome  vii^  No,  31 p,  10. 


portion  ofiU  contents  suddenly  finds  its  way  to  tlie  mouth  with- 
out even  the  coiiscionsneSiS  of  the  iudividualr  The  muicular 
contraction  which  produces  this  slight  regurgitation  is  so  imig- 
ti if] cant  that  there  must  neeesBarily  have  been  some  relaxation 
at  tlie  cardijeLc  opening  of  the  stomach,  which  under  ordinarj 
eonditions  iB^  as  we  kiiow%  firmly  closed.  The  act  is  then  pro- 
duoedf  in  part  by  a  slight  contraction  of  the  abdominal  muBclea 
fcod  diaphragm,  and  in  part  by  contraetions  of  the  etomach 
itself  and  anti-peristaltic  movements  of  the  oesophagus.  It 
haa  nothing  of  the  violent  expulsive  chai*acter  of  true  vomiting, 

VmmtinifJ — ^The  mechanism  of  vomiting  was  the  subject 
c>f  much  discussion  among  physiologists  in  the  early  pai*t  of 
•he  present  century^  when  the  celebrated  experiments  of 
Miigendie  on  this  subject  were  first  made.    Though  Magen- 
^iife  i^-ftg  l)y  no  means  the  first  to  demonstrate  the  view  which 
flow  generally  obtains  regarding  the  muscular  actions  con- 
*^^nied  in  vomiting,  his  experiments  were  of  such  a  strikhig 
t^liaracter,  and  so  demonstratively  conclusive,  as  to  attract  the 
attention  of  aU  physioIogistSj  and  to  settle,  almost  beyond 
^ouHt,  a  question  w^hich  had  before  been  very  uncertain.  The 
^^I>oriments  of  Bayle,  Chirac,  Schwartz,  and  others,  w^hich 
t^ritj^  to  prove  that  vomiting  is  due  to  contractions  of  the 
^^Kiominal  muscles  and  diaphragm,  compressing  the  stomai^h, 
«'irl  xiot  to  contractions  of  the  muscular  tissue  ol"  the  stomach 
**^lf^  had  been  recognized  and  the  coneluiiions  adopted  by 
physiologists,  long  before  the  publication  of  Magendies 
**^X*^^ntneiits,  in  1813,    For  example,  John  Jlunter,  in  the 
*^^*ond  edition  of  his  Ammal  (Ecmimjuj^  publislied  in 
1 792^  gays :    We  know  that  the  action  of  vomiting  is  per- 
entirely  by  the  diaphragm  and  abdominal  muscles  J'* 

'  -4.  indent  reojon  for  eotwidcntig  tb«  ftcl  vomiting  (which  U  iifidoubt^ 
|»*thakigicfti)f  BO  M\j  OA  \A  dooe  in  tUe  f uemding  pttgtsi,  ^A  in  the  fmi  th^t 

^v^^eiuuiiaiii  Is  ufituiJiy  iriMtud  of  in  wurks  upoa  ph^ilologj,  aod  ii  not  eo&itd* 
in  tfffllJica  upon  praeHeal  iwedit'me, 

*  6i?3fTS>,  Ob§ermiiam  on  O^r^n  Fatii  a/  ihs  AnimtU  (Mpohomf^  LoodoJii 
p.  I9». 
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Neverthelaisij  the  general  opinion  wag^  vnth  HaUer/  that  i 
vomitiiig,  the  stomach  was  emptied  chiefly  by  convTikiv 
eonti'actioii^  of  its  intrinsic  muscles* 

An  excellent  review  of  the  experiments  on  tlie  mechan 
hm  of  vomiting,  anterior  to  the  memoir  of  Mageodie*  h  cou 
tuined  in  the  report  of  the  ctmi mission  from  the  Instttui^  t 
which  the  subject  was  referred*  The  fir&t  obsenrations  on  t!i 
eubjeet  were  tho^e  of  Bayl^  made  in  16S1 ; '  these  were  {<m 
lowed  by  the  confinnatory  earperimente  of  Chirac,  in  168" 
the  later  exj>eriments  of  Scliwartz,  and  many  others.' 
experiments  of  Bayle  consisted  in  giving  animals  eraeti<»  ; 
solution  in  water,  and  making  an  incision  into  the  abdomet 
80  tbat  when  the  animal  made  efforts  at  vomiting,  the  fing 
could  be  introduced  and  placed  upon  the  stomach.  ^Whw~ — 
this  was  donej  it  became  e%ident  that  the  stomach  did  -^cii^H 
contract  during  the  act  by  which  its  contents  were  expelle^cM. 
and  when  the  abdomen  was  largely  opened,  so  that  the  §to^r^i 
ach  eonld  not  be  compressed  between  the  diaphragm  and  t  TXime 
ftbdorainal  muscles,  vomiting  was  impoe^iible.    That  th^ssa^ 
experiments  had  heen  recognized  by  physiologista,  is  dio^ 
by  the  passage  just  quoted  from  the  works  of  Hunter. 

We  can  give  no  better  idea  of  the  actual  mechanism 
vomiting  than  by  a  brief  analysis  of  the  memoir  of  Magent 
with  the  various  experimental  facts  by  which  the  Ti^^ 
advanced  by  him  were  supported.    The  first  two  expe-^*^- 
ments  were  merely  repetitions  of  those  pertornied  long  bef*:^^ 
by  Bayle  and  Chirac,    After  having  caused  a  dog  to  &T«r*»J- 
low  six  grains  of  tartar  emetic,  when  nausea  had  been 
cited,  an  incision  %vas  made  in  the  median  line  and  tiie  fin^p^^ 
was  introduced  into  tlie  abdominal  cavity  and  placed  up^^-*' 

*  EAU.Kit,  MUfntnta  Fhtmol^ia^  BemsB,  HM^  tomtit  vi^  pip.  t8l,  SSI 

Frante.^—i>mv\  du  RAppijrt  f^iil  A  Itt  claase  par  MM.  Cuvkt,  Hutu  bold  t,  finf^' 
*t  Perf;y,  T^m,  1813,  p.  21 

'  Dall£U,  ^k.^  icmm  tL,  p,  228,  Schwtrt*  went  farther  thui  lib  pttJt-- 
oasofs,  tftid  showed  IhmV  tfae  cardiac  opemog  of  the  at<)Eaadi  vru  r«kxe«J  dimnt 
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the  stomach.  At  each  nausea,  the  finger  was  compressed, 
but  the  stomach  seemed  passive ;  and  when  vomiting  took 
place  and  part  of  the  contents  of  the  stomach  was  dis- 
charged, the  finger  was  "  compressed  with  a  force  really  ex- 
traordinary." The  incision  in  the  abdomen  was  then  en- 
larged so  that  the  stomach  could  be  seen.  The  stomach 
became  distended  with  air  at  each  nausea,  and  when  vomit- 
ing occurred  again,  it  was  compressed  without  presenting  the 
slightest  contraction  of  its  intrinsic  muscular  fibres.  The  air 
with  which  the  stomach  was  distended  before  each  act  of 
vomiting  evidently  was  introduced  by  the  oesophagus,  as 
was  shown  by  experiments  which  have  been  already  quoted.* 
[n  another  experiment,  four  grains  of  emetic  were  injected 
into  the  jugular  of  a  dog,  a  large  incision  was  made  into  the 
abdomen,  and  the  stomach  was  drawn  entirely  out  so  as  to 
be  removed  from  the  pressure  of  the  muscles.  Though  the 
animal  made  violent  efforts  at  vomiting,  the  contents  of  the 
stomach  were  undisturbed,  and  the  organ  remained  perfectly 
motionless  and  flaccid.  Vomiting  was  then  produced  by 
vigorous  pressure  of  the  stomach,  outside  of  the  abdomen, 
with  the  hands.  In  another  experiment,  the  stomach  was 
drawn  out  of  the  abdomen,  the  vessels  carefully  ligated,  and 
the  organ  extirpated.  Into  the  abdomen  was  then  introduced 
a  small  pig's  bladder,  to  the  neck  of  which  was  fixed  a  gum- 
elastic  tube,  wliich  was  passed  into  the  oesophagus  and  se- 
cured in  that  position  by  threads.  About  a  pint  of  water  was 
then  introduced  into  tlie  bladder  which  was  made  to  take 
the  place  of  the  stomach,  and  the  wound  in  the  abdomen  was 
closed  'H'ith  points  of  the  interrupted  suture.  Emetic  was 
then  injected  into  the  veins,  and  in  a  few  moments  efforts  at 
vomiting  supervened,  and  the  contents  of  the  bladder  were 
discharged  by  the  moutli.  These  remarkable  experiments 
proved  conclusively  the  want  of  action  of  the  stomacli  itself 
in  vomiting,  and  the  mechanism  of  the  discharge  of  its  con- 
tents by  compression  exerted  upon  it  by  the  abdominal  mus- 
'  See  page  207. 


SO0 


DIGEeTIOX- 


cles  and  the  diapLragiii.    Other  experiments  were  mmlt 
however,  which  demonjstrated  the  relative  importaiKse  of 
f  lifferent  muBcles  in  the  performance  of  this  aet.    The  pi 
nerves  were  divided  in  a  do^^  and  the  diaphra^n  wm  thv 
rendered  almost  inert.    On  injecting  emetic  into  the 
fitter  this  operation,  vomiting  took  place  at  times  verr  feehlj 
and  at  times  not  at  all.    In  another  ammal,  the  — ^  ,  j 
mnscles  were  divided,  leaving  the  viscera  confined  bj  the  | 
toneiim  and  the  linea  alba.   Emetic  was  then  injected  in  to  1 
circnlatioOj  and  vomitin|r  was  effected  solely  by  e(>ntnictJc 
t>f  the  diaphi*agm.    In  thi^  erperiment^  after  having  < 
the  phrenic  nerve^i,  vomiting  ceased,  thotigh  the  Jtanses  ( 
tinned 

The^  experiments,  which  were  satiisfactorilv  repeat^^^&ii^ 
before  a  commission  irom  tlie  Tmiiiut^  consisting  of  Ciivi^^-  m-^ 
Humboldtj  Pinelj  and  Percy,  are  as  eonclnsive  m  any  thm^  xmt 
ever  have  been  made  up>ii  living  animak.    Sinc^  tb^^->sr 
publieation,  they  have  been  repeated  by  a  nnmber  of  phj"^-:^^! 
olo^st&j  amon^  whom  may  be  mentioned  R^irin,'  Legmllc^^^ 
and  Eeciard/   We  are  also  enableti  to  testily  to  their 
curacy  from  peni5«>nal  observation ;  and  in  the  fall  of  l^-^^l 
they  were  in  part  i^peated  in  the  eonrse  of  leetnres  ow  ph. 
iology  before  the  cla©s  of  the  Bellevue  Hospital  Medicsl  C^*^'" 
lege,  and  an  animal  was  caused  to  vomit  from  a  pig^'s  hU 
der  which  had  been  substituted  for  the  stomach/ 

If  any  thing  farther  were  needed  to  establish  the  j 
importance  of  the  action  of  the  abdominal  mn^Iee 
diaphragm  in  vomiting,  and  the  insignificant  part  plaved 
che  stomach  itself  in  thii  operationj  it  could  be  fnnnshed 
facts  relating  to  the  mode  of  contraction  of  the  moicttl^*^ 
fibres  which  constitute  the  middle  coat  of  the  stomach, 

*  IHtit9immm  d&  JSdgmim  MMealet,  m  CO  rdlft.,  Pttii,         t«ate  Itm.,  A 

'  These  expedciieDU  were  made  simplj  toe  dM-demooAteluxn^  miil  Wi^^^ 
D«v«r  h^ore  been  published. 


cages  of  digease  in  wliich  it  ba&  been  impossible  for  coutrac- 
tioE3  of  tlie  stomacli  to  take  place.  It  is  well  known  that 
tLe  characteristic  mode  of  eontraetion  of  the  striated,  Tolna* 
tsry  mn&cles  is  rapid^  Yiolent,  and  followed  by  euddeu  relaxa- 
tion ;  and  that  where  it  becomes  necessar}^,  in  the  perfoniiance 
of  any  of  the  vegetative  functions,  that  such  mu&cnkr  actioo 
fehould  take  place,  as  in  the  action  of  the  heart  in  propclhng 
the  blood  fon.*ihl j  into  the  arterial  system,  the  striated  mus- 
eular  fibre  is  found.  On  the  other  hand,  the  characteristic 
mode  of  contraction  of  the  non-fitriated,  involuntary  muscular 
fibre  is  gradual,  enduring  for  a  c^ertain  timCj  and  followed  by  ^ 
a  slow  relaxation.  These  facts  point  at  once  to  the  kind  of 
muscles  which  we  would  suspect  to  be  engageti  in  the  pro- 
duction of  vomitings  The  act  is  always  violent^  sudden^  and 
convukivej  and  is  entirely  inconsistent  with  tlie  mode  of  con- 
traction of  non-striated  muscles,  as  it  has  been  observ^ed  in 
other  sitnations. 

A  remarkable  ea&e  is  mentioned  by  Longet,  in  which  a 
young  girl,  with  the  intent  to  commit  snicide,  swallowed  a 
large  quantity  of  a  mineral  acid.  She  vomited  continually 
up  to  the  time  of  her  death ;  and  in  the  vomited  matters  were 
fomxd  numerous  shreds  of  the  coats  of  the  stomach.  A  t  the 
autopsy  it  was  found  that  the  sto/nach  had  been  destroyed, 
exL^pt  little  portions  of  its  walls,  which  were  adherent  to 
the  surrounding  pai*t.'?.  These  were  united  to  the  adjacent 
viscera  and  the  walls  of  the  abdomen  by  intlanimatory  ex- 
udation, do  as  to  form  a  cavity  which  was  not  a  stomaehj 
hut  which  communicate<l  freely  with  the  fpsophagiis.  Yet 
tl)is  patient,  without  a  contractile  stomach,  vomited  freely 
during  the  last  hours  of  her  life/ 

A  case  of  extrusion  of  the  stomach,  reported  by  Lcpine, 
in  1844/  is  olten  misquoted  so  as  to  make  it  appear  that  the 

^  LoyoET,  Train      Thf/sioio<rie,  Paris,  lg68,  ton^e     p.  16B. 

*  Ltri^E,  I^itie  pSnSirantf  de  Pithd^mi^n  atiffntt  Jown/  itmtd  Pistomtrej  d  f  a« 
dn  <«/ofi,  if  d  tef^f^'^nj  guirii!  m  x^nfjft  rt  vn  jovrs,  wuivi  dc  rfjlexmrta  tnir  Uiofrmt^ 
mmL~~Bi*(iHim  df  tAfad^mif  Jiotftik  de  Midedne,  Paris,  lB4;t-M4,  i>  146  (rf  Hf. 
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contractions  of  the  etomach  itself  are  stiffieient  to 
v<imitin^/  In  this  ease,  the  stomach,  euntaifimg  fijod 
air,  was  protruded  from  tlie  abdoiuen  by  a  lat^  wound.  It 
remained  motionless  while  violent  and  ineffectual  efforts  at 
Toraiting  were  niade,  during  tie  whole  time  that  it  was  tiim 
out  of  the  abdomen,  and  could  not  be  excited  to  contrac- 
tion, even  bj  gentle  irritation ;  but  when  the  stomach 
returned  into  the  abdominal  carity,  vomiting  iiistaxilly  to<ik^ 
place, 

All  the  facts  bearing  on  tliis  subject  go  to  show 
true  Toniiting,  contnictionB  of  the  mosctilar  goaIb  of 
stomach  are  not  neeea&arj,  are  not  definitelj 
with  the  act,  and  are  never  capable  of  disehiifging  any  par 
the  contentB  of  this  viscuH.    On  the  contafary,  tlie  ob^J 
tions  of  Magendie  eeem  to  ehow  that  the  stomach  ii^  rati 
rela^ced  than  contracted  during  efforts  at  vomiting/ 

'  CAJtFE3STiii»  Prineipltt  of  Unman  Phtfiioio^^f^  Pbiladelpbia,  IS&S^  f^^ 
Tom  A56D  BoiriLLN,  Thr  Fhjfiiwlo*jieQl  Atuttom^  on  J  f%cio%y     Jfon,  I 
phi*,  ISttt,  p.       »nd  KiKJEES,  Manunl  ofF.\^mlc^^  PMkddphia,  3  857,  p.  199.  ' 
Tbcse  authors  qunce  liie  ca»e  reported  hy  'iAplm  w  pretoitiiig  ccinLmctkins  of  ih« 
stomAch  itaolt^  wiLt  dii^dmrfi^e  of  part  of  It^  co&lefiU,  while  it  r^naki^il  out  of  tbc 
hljdomiiiiit  <^TitT.  BrintODi  ( CtfclojMxdiii  of  ArmiotAtf  and  Loudoii^  ] 

vol  v.,  ^ijpplmiicnt,  p.  SIT)  noUees  and  conifcts  thU  eirot  In  prrrious  qq 
Tb«       m  aUo  eurrccttv  quoted  br  Duni^i^n  {llHman  PAjwio^t^,  ] 

333). 

*  MiOKMtriE,  ^fhnoirefur  U  Fhminmnfni^  F»m^  181 S,  p.  12.  Both  ( 
and  Todd  and  Bowman,  bcu^  thc^if  opinion  that  the  muscular  wiUi  of  iim  i 
are  aeiiFe  in  vcmidng  mainl?  upon  tho  aise  i«f>orled  bj  Lcpine ;  iW  ! 
qttoting  extenaiveif  lUeoHgiDat  &oufc«,hiit  the  latt«r  cftsditiDg  ili«qiN 
In  Paget**  B*pon  for  1845,'^  Curp^attir  smjs:  **Tli«  Staauu;b,  faarlm  wk 
protruded  itsetl;  it  was  tem  lo  coatmct  tUelf  repeatedlj  and  foftibtj  i 
ipmee  of  Imtf  hour^  uiLtll  by  lis  o^n  effbri*  It  hid  expelled  aU  iU 
Qxoept  gu€fl**  (p.  408) ;  and  the  Bame  b  f-uld  bj  Todd  and  Bofrman,  wIki  9fmk 
uf  th«  reporter  ms  L'£pione  (p.  5&5,  iiot«)L  In  the  original  ammnl  of  tlw  4 
rv'ferred  (0^  there  i§  no  Buch  statement ;  but,  on  the  eoutrarj,  the  r^MjrtO' Mjv (jiik 
148  h  Thm^  during  all  the  time  that  the  ^Tomach  remained  oat  of  tk9 1 
inat  earitf ,  there  did  not  tako  place  any  apparent  oontrKtioii  af  lk«  i 
&l»rea  of  thb  yi^^tus,  and  nDthing  that  it  contained  vai  expdied  fnmt  Iti  i 
lUltiriilidia Oiling  ibe  violent  efbrta  at  Toadting  that  the  patteni  mmd^. 
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More  importance  is  to  be  attached  to  the  action  of  the 
oesophagus  in  vomiting  than  is  usually  assigned  to  it  by 
writers.    The  following  remark  by  Hunter,  on  this  point, 
is  interesting:  "The  muscles  of  the  cavity  of  the  abdomen 
act,  in  which  is  to  be  included  the  diaphragm;  so  that 
the  capacity  of  the  abdomen  is  lessened,  and  the  action 
of  the  diaphragm  rather  raises  the  ribs ;  and  there  is  also  an 
attempt  to  raise  them  by  their  proper  muscles,  to  make  a 
kind  of  vacuum  in  the  thorax,  so  that  the  oesophagus  may  be 
rather  opened  than  shut,  while  the  glottis  is  shut  so  as  to 
let  no  air  enter  the  lungs.*    A  little  reflection  will  make  it 
evident  that  the  descent  of  the  diaphragm,  the  most  power- 
ful of  the  inspiratory  muscles,  with  the  glottis  firmly  closed, 
makes  a  virtual  vacuum  in  the  chest,  by  the  force  of  which, 
a  canal  so  dilatable  as  the  oesophagus  would  undoubtedly  be 
distended.    This  action  must  powerfully  assist  in  vomiting, 
by  drawing  the  food  into  the  oesophagus  and  by  dilating 
the  cardiac  opening,  which,  as  we  have  seen,  is  ordinarily 
dosed.    Experiments,  particularly  those  of  Beclard  and  of 
legallois,  have  farther  shown  that  there  is  a  violent  and  ex- 
tensive contraction  of  the  longitudinal  fibres  of  the  oesoph- 
agus with  each  act  of  vomiting.    This  was  demonstrated 
by  dividing  the  oesophagus  near  the  stomach,  drawing  it  out 
3t  a  wound  in  the  neck,  and  causing  the  animal  to  make 
eflbrts  at  vomiting,  by  injecting  emetic  into  the  veins.  With 
each  act,  the  oesophagus  was  observed  to  undergo  sudden 
and  marked  contraction  in  its  length.*    This  act  assists  in 
vomiting,  as  the  shortening  of  the  oesophagus  has  a  tendency 

had  the  stomach  been  rctiiraed  into  the  belly,  when  the  same  eflfort  produced  <  x- 
pulsion  of  aliments.*' 

It  is  remaricable  that  the  authors  of  the  above-mentioned  exc(*lIont  and  com- 
|>T8hensive  works  upon  physiology  should  have  been  content  to  take  a  quotation 
fanportant  as  the  one  in  question  at  second-band,  when  a  reference  to  the  origi- 

woold  have  enabled  them  to  avoid  making  an  important  statement  precisely 
•fvpNodte  to  the  fact. 

*  HuxTKR,  op,  cU.,  p.  200. 

'  Lbgallois,  (Emnreiy  Paris,  1824,  tome  ii.,  p.  91. 
«2 
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to  dilate  the  cardiac  opening  of  the  stomaeh  and  counteract 
the  cantractiotL  of  the  pillars  of  the  diaphragm. 

It  has  been  found  by  Magendie  that  during  the  na 
which  precedes  the  act  of  vomitiugj  there  ij^  always  dlete' 
q{  the  stomach  trom  deglutition  of  air.*  This  may  lie  some- 
times absent  in  the  human  siibjectj  when  vomiting  occai^ 
%'ery  suddenly ;  but  in  all  Magendie's  ex]»eriinentfi  npon  ani- 
malsj  he  found  that  immediately  after  an  aet  of  vomiting, 
the  stomach  was  flaccid,  but  that  when  another  effort  was  aji- 
proaching,  and  during  the  nausea  which  preceded,  tlie  ovptn 
became  gradually  distended.  Distension  of  the  8tomai*li 
from  deglutition  of  air  previous  to  the  act  of  vomiting  was 
observed  in  the  case  of  extrusion  of  the  stomach  reporte<l  by 
Lupine.*  It  is  unneeeesarj  to  repeat  the  observations  by 
which  it  was  shown  that  the  air  enters  by  tiie  a?5ophagii5 ; 
1^  they  have  already  been  referred  to  under  the  head  of  d«g- 
lutition.* 


Summary/. — The  symptoms  which  precede  the  aet 


vomiting  arc  sufiBciently  familiar.  Usually  they  commence 
with  a  peculiar  sensation  of  depression  and  general  mala{4^ 
known  as  nausea,  Tliis  is  frequently  accompanied  by  slight 
pain  ill  the  region  of  the  epigastrinmj  feeble  pulse,  o«>ld  anil 
clammy  penipiration,  and  pallor.  There  is  also  uBunlly  an 
increase  in  tJie  flow  of  saliva.  EetcJiings  and  the  ]»c<.*uliar 
acts  by  which  air  is  forced  into  the  stomach  are  frequent^ 
and  immediately  before  the  vomiting  takes  place,  tliere 
generally  a  violent  inspiratioUj  followed  by  Bpa^modic  clostirc 
of  the  glottis.  Violent  and  convulsiv  e  expulsion  of  a  part 
or  the  whole  of  the  contents  of  the  stamaeJi  by  the  moalli^ 
which  is  widely  opened ,  then  takes  place.  This  is  acoom- 
plished  by  spasmodic  contractions  of  the  diaphragm,  the 

ini,  k  26  O€to^f,  1813,  p.  4, 
*  LUPINE,  fpe,  ftV.j  p.  Hfl. 
'  Bet  pBgp 
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longitudinal  fibres  of  the  oeeopbagus^  and  the  abdominal 
miisdes.  The  imiscular  coats  of  the  stomach  itself  are  re- 
laxed, oFj  at  aU  eventB^  their  contraetion  has  no  marked  in- 
fltiene^  in  the  expiileion  of  its  contents. 

The  most  important  muscle  concerned  in  this  act  is  the  dia- 
phjmgni ;  and  it  haa  been  shown  that  this  miist-Ie  alone  is  capa* 
ble  of  producing  vomi ring  when  the  abdominal  mnacles  hare 
been  dinded.*  TIic  action  of  the  diaphragm  is  to  forcibly 
press  the  stomach  against  the  anterior  wall  of  the  abdomen 
and  the  hnea  alba,  at  the  same  time,  by  its  descent.  Ibrming 
a  tendency  to  a  racuum  in  the  chest  and  dilating  the  oesoph- 
ligns^ — as  the  air  cannot  enter  the  lungs,  owing  to  closure 
of  the  glottis.  The  contractions  of  the  longitudinal  fibres  of 
tie  cesophagus  are  probably  important  in  assiisting  to  relax  the 
cardiae  opening  of  the  stomach,  coimteraetingj  at  the  same 
time,  the  contractions  of  the  pillars  of  the  diaphragm.  The 
contractions  of  the  abdominal  muscles  assist  in  expelling  the 
contents  of  the  stomaclij  but  are  much  less  effectual  than  the 
oantractions  of  the  diaphragm.  It  has  been  sho^Ti  that  they 
are  frequently  incapable,  in  themselves,  of  producing  vomit- 
ing  when  the  diaphragm  has  been  paralyzed,  Tliey  always 
actj  however^  as  can  be  readily  obseiTed  by  simple  external 
mminarion. 

The  vomited  matters  pa.^  readily  into  the  mouth,  and 
seldom^  if  ever,  into  the  glottis,  which  is  firmly  closed.  The 
telam  is  generally  contracted  and  applied  to  the  pharynx  m 
as  to  protect  the  nasal  passages ;  but  this  is  not  always  effec- 
tnalj  for  mattei^s  sometimes  pass  into  the  no^^  when  tlie  act 
IS  very  sudden  or  when  the  mouth  is  not  sufficiently  opened. 

After  the  act  1ms  been  aceomplighed  by  one,  or  several 
saeceseive  contractions,  it  is  followeil  immediately  l>y  a  pro- 
longed expiratio!!  and  a  sense  of  relief  fi'om  the  distressing 
naiBea.     It  i^  frequently  repeate*!,  however,  at  intervals 

'  In  Hrdt^  the  hbd^mmal  mosclea  perform  the  mmi  important  part  in  vfimlt^ 
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more  or  less  remote,  when  the  phenomeiia  talce  place  in  tbe 
order  jest  Jescribed, 

The  act  of  vomiting  k  undoubtedlj  induced  by  emmm 
which  operate  through  the  nerrous  gjstem,  and  a  fall  ooo* 
sideration  of  tliese  properly  belongs  to  another  dirisiciti  of 
tliis  work-  The  impression  produced  by  the  irritant  emetics 
is  conducted  to  the  nervous  centre  and  gives  rise  to  a  stimu- 
lus which  sent  to  the  mtiacles  concerned  in  the  act.  The 
transini^ion  takes  place  in  part  through  the  pneumogastrics^ 
though  thie  ie  not  the  only  channel,  for  vomiting  msy  be 
thus  induced  after  division  of  these  nervee.  It  is  hj  no 
means  neceg&ary  that  an  impre^ion  should  be  made  upon 
the  stomach,  as  m  Bhown  by  eflorts  at  vomiting  after  the 
stomach  has  been  extirpated.  XjTitation  of  some  of  the  srni- 
pathetic  nerves,  particularly  the  abdominal  ganglia,  will  pro- 
duce vomiting.  Traction  upon  the  oeKiphagus,  the  irritatioti 
produced  by  biliary  calculi,  uterine  disoixlers,  etc,  may  pR> 
duce  the  same  result.  Vomiting  is  very  common  in  eerebf»l 
distnrbauceg ;  and  this  is  undoubtedly  flie  first  cause  of  or- 
dinary Bea-sieknesgp  When  vomiting  results  from  titiUatioti 
of  the  faucesj  the  impression  is  conveyed  to  the  nerraiN 
centre  and  is  reflected  to  the  mnscles  concerned^  in  the  same 
way.  These  facts  show  that  there  are  many  avenues  for  tbe 
passage  of  these  impressions  to  the  nervous  centres.  The 
action  of  emetics  which  operate  through  the  hhml  is  not  re* 
iiex,  hxtt  tbe  vomiting  is  probably  induced  by  the  direct  im* 
prei&ion  made  by  these  sub&tanc^  on  the  nervous  eeatres. 

Emctaiim^ — The  dischaj^  of  gases  irom  the  (esa(4ift' 
px%  by  the  mouth,  accompanied  witli  a  peculiar  and  eharao- 
teristic  sounds  is  veiy  common.  This  is  usaaUy  aceomplbhed 
witliout  any  marked  effort  of  the  muscles  concerned  in  voii»* 
iting,  and  evidently  requires  very  little  force.  tTsually,  the 
c^jrdia  h  so  effectually  closed  as  to  prevent  the  passage  even 
of  gases ;  and  in  eructation,  there  must  be  a  temporary  relax* 
at  ion  of  tliis  opening,   Wlien  thns  i^laxed,  tbe  act  is  accom* 
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plislied  chiefly  by  contractions  of  the  stomach  and  oesopha- 
gus. It  is  generally  accompanied  or  preceded  by  sensible 
convnlsive  movements  of  the  oesophagus,  involving,  possibly, 
contractions  of  its  longitudinal  fibres,  which  would  favor  re- 
laxation of  the  cardiac  opening.  Though  usually  involun- 
tary, this  act  is  sometimes  under  the  control  of  the  will. 
When  it  occurs,  while  it  is  difficult  or  impossible  to  prevent 
the  discharge  of  the  gas,  the  accompanying  sound  may  be 
readily  suppressed.  Eructation  is  frequently  a  matter  of 
habit,  which  in  many  persons  becomes  so  developed  by  prac- 
tice, that  the  act  may  be  performed  voluntarily  at  any  time. 


CHAPTER  XL 


INTESTINAL  DIGESTION. 

Physiological  anatomy  of  the  small  intestine — Size  of  the  small  intestine — DiTi- 
sions  of  the  small  intestine — Mucous  membrane  of  the  small  intestine — Val- 
vulae  conniventes — Glands  of  Brunner — Intestinal  tubules,  or  follicles  of  Ue- 
berkiihn — Intestinal  villi — Solitary  ghmds,  or  follicles,  and  the  patches  of  Peyer 
— Intestinal  juice — Secretion  of  the  solitary  and  agminated  gUnda — OenermI 
properties  of  the  intestinal  juico— Action  of  the  intestinal  juice  in  digestkn. 

Physiological  Anatoiny  of  the  Small  Intestine. 

The  small  intestine,  so  called  on  account  of  its  small  size 
as  compared  with  the  rest  of  the  intestinal  tract,  is  the  long 
cylindrical  tube  which  occupies  the  greatest  part  of  the 
abdominal  cavity.  This  must  now  be  regarded  as  the  most 
important  division  of  the  digestive  system  ;  and  its  physiolo- 
gical anatomy,  together  with  that  of  the  great  glands  which 
discharge  their  secretions  into  its  cavity,  are  indispensable  as 
an  introduction  to  the  study  of  intestinal  digestion.  As  it  is 
in  the  small  intestine  that  the  final  elaboration  of  most  of 
the  alimentary  principles  takes  place,  and  here  also  that  these 
principles  are  taken  into  the  circulating  fluid,  we  shall  find, 
\n  our  study  of  its  anatomy,  certain  parts  which  are  con- 
cerned in  digestion,  and  others  which,  as  far  as  we  know,  are 
connected  only  with  the  function  of  absorption.  It  will  be 
most  convenient,  however,  to  consider,  in  this  connection,  all 
tlie  structures  found  in  the  small  intestine,  which  possess 
physiological  interest. 

The  small  intestine,  extending  from  the  pyloric  ex- 
tremity of  the  stomach  to  the  ileo-ciecal  valve,  is  held  to  the 
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spinal  column  by  a  double  fold  of  serous  membrane,  called 
the  mesentery.  As  the  peritoneum  wliich  lines  the  cavity 
of  the  abdomen  passes  from  either  side  to  the  spinal  col- 
umn, it  comes  together  in  a  double  fold  just  in  front  of  the 
great  vessels  along  the  spine,  and  passing  forward,  splits 
again  into  two  layers,  which  become  continuous  with  each 
other  and  enclose  the  intestine,  forming  its  external  coat 
The  width  of  the  mesentery  is  usually  from  three  to  four 
inches ;  but  at  the  commencement  and  the  tennination  of 
the  small  intestine,  it  suddenly  becomes  shorter,  binding  the 
duodenum  and  that  portion  of  the  intestine  which  opens  into 
the  caput  coli  closely  to  the  subjacent  parts.  The  meseiiteiy 
thus  keeps  the  intestine  in  place,  but  allows  of  a  certain 
amount  of  motion,  so  that  the  tube  may  become  convoluted, 
accommodating  itself  to  the  size  and  form  of  the  abdominal 
cavity.  The  form  of  these  convolutions  is  irregular  and  is 
continually  changing. 

The  length  of  the  small  intestine,  in  situ^  is  probably 
from  fifteen  to  eighteen  feet ;  *  but  the  canal  is  very  disten- 
sible, and  its  dimensions  are  subject  to  constant  variations. 
When  separated  from  the  mesentery,  and  measured  with- 
out stretching,  its  length  has  been  found  to  be,  on  an  average, 
about  twenty  feet.  Its  diameter  is  about  one  and  a  quarter 
inches.* 

This  part  of  the  alimentary  canal  has  been  divided  into 
three  portions,  which  pr^ent  anatomical  and  physiological 
peculiarities,  more  or  less  marked.  These  are  the  duodenum, 
the  jejunum,  and  the  ileum. 

The  duodenum  has  received  its  name  from  the  fact  that 

'  See  page  134,  note. 

*  Dr.  Brinton  made  the  last-named  estimates  from  measurements  of  something 
l€88  than  forty  human  intestines.  In  making  these,  the  healthy  intestine  was 
bid  upon  a  board,  and  spread  out  to  what  seemed  a  proper  width,  before  takmg 
its  length."  (Cifchpcedia  of  Anatomy  and  Phyiioloffy^  London,  1859,  vol  v., 
supplement,  p.  340.)  Sappey  estimates  the  length  of  the  small  intestine  at 
about  twenty-six  feet.  {Traite  (Tanatoinle  de»criptiv€y  Paris,  1874,  tome  iv., 
p.  193.) 
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it  is  about  the  lengtli  of  tlie  breadth  of  twelve  iingerg, 
from  eight  to  t^n  Inohed,  This  portion  of  the  inte&titie  is 
{xmsiderably  wider  than  tlie  constricted  pyloric  end  of  the 
ach,  with  wliich  it  is  contdnuoo^  and  ia  also  much  wider  Ih 
its  continuation  J  the  jejminm*  It  presents  a  curre,  which  u 
oi"dloarily  described  bj  anatomists  as  consisting  of  three  por- 
tions. The  first,  calle<i  the  hepatic  or  ascending  portion,  u 
about  two  inches  in  length.  This  is  much  less  finulv  fcoed 
by  its  peritoneal  attachment  than  the  other  p:>rtians,  and  h 
nearly  covered  by  the  eerons  membrane.  Its  direction  k 
outwardj  backward,  and  slightly  npward>  Turning  down- 
ward, and  a  little  in  ward  j  it  merges  into  the  second^  called 
the  descending  or  vertical  portion,  the  length  of  which  h 
about  three  inches.  This  is  covered  with  peritoneum  only  on 
iU  anterior  surface,  and  is  somewhat  more  firmly  attached 
than  the  ascending  portion.  The  intestine  then  makes  a  sec- 
ond bend,  and  the  third  or  the  transverse  portion  k 
horizontal  in  itg  conr&e,  passing  across  the  spine  into  the  left 
hypochondrium.  This  portion  is  about  five  inches  In  le 
It  is  narrower  than  the  othera,  is  but  partially  covered 
peritoneum,  and  is  more  firmly  bonnd  down  than  any  otlier 
part  of  the  small  intestine, 

Tlie  eoati*  of  the  duodennm,  as  of  the  other  div^Lstotu 
the  intestinal  tnbe^  are  three  in  ntim1>er«  Commencing  ex- 
temally,  we  have  the  serous,  or  peritoneal  coat,  which 
already  been  described.  The  middle,  or  muscular  coat^  f 
composed  of  the  involuntary  or  nnstriped  mnscular  fibres^ 
such  as  exist  in  the  stomach,  arranged  in  two  layers,  Tl 
external,  kingitudinal  layer  is  not  very  thick,  and  the  dir 
tion  of  its  fibres  can  be  made  out  easily,  only  at  the  out 
portions  of  the  tube,  o]>posite  the  attachment  of  the  m-^ 
tery.  Xear  the  mesenteric  border,  the  fibres  are  very  fainU 
This  is  true  throughout  the  whole  of  the  smaU  intestine ; 
though  ttie  fibres  are  most  mimerons  in  the  duodenum*  Tl: 
intcnial,  circular,  or  transverse  layer  of  fibres  is  considermlil 
thicker  than  the  longitudinal  layer.    These  fibres  encircle 
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the  tube,  running,  for  the  most  part,  at  right  angles  to  the 
external  layer,  but  some  of  them  having  rather  an  oblique 
direction.  The  circular  layer  is  thickest  in  the  duodenum  ; 
diminishing  gradually  in  thickness  to  the  middle  of  the 
jejunum,  but  after  that  maintaining  about  a  uniform  thick- 
ness throughout  the  canal,  to  the  ileo-csecal  valve. 

The  jejunum,  the  second  division  of  the  small  intestine,  is 
continuous  with  the  duodenum.  It  presents  no  well-marked 
line  of  separation  from  the  third  division,  but  is  generally 
considered  to  include  the  upper  two-fifths  of  the  small  in- 
testine, the  lower  three-fiftlis  being  called  the  ileum.  It  has 
received  its  name  from  the  fact  that  it  is  almost  always 
found  empty  after  death.  This  portion  of  the  intestine  pre- 
sents no  important  peculiarities  as  regards  its  peritoneal  and 
muscular  coat. 

The  ileum  is  somewhat  narrower  and  thinner  than  the 
jejunum ;  otherwise  possessing  no  marked  peculiarities  except 
in  the  structure  of  its  mucous  membrane.  This  opens  into 
the  commencement  of  the  colon,  and  is  the  termination  of 
the  small  intestine. 

Mucous  Membrane  of  the  Small  Intestine. — The  mucous 
coat  of  the  small  intestine  is  somewhat  thinner  than  the 
lining  membrane  of  the  stomach.  It  is  thickest  in  the  duode- 
num, and  gradually  becomes  thinner  till  we  reach  the  ileum. 
It  is  highly  vascular,  presenting,  like  the  mucous  membrane 
of  the  stomach,  a  great  increase  in  the  quantity  of  blood 
during  the  process  of  digestion.  It  has  a  peculiar  soft  and 
velvety  appearance,  and  during  digestion,  is  of  a  vivid  red 
color,  being  pale  pink  during  the  intervals.  It  presents  for 
anatomical  description  the  following  parts :  1,  folds  of  the 
membrane,  called  valvulae  conniventes;  2,  duodenal  race- 
mose glands,  or  the  glands  of  Brunner ;  3,  intestinal  tu- 
bules, or  the  follicles  of  Licberkiilm  ;  4,  intestinal  viUi ;  5, 
solitary  glands  or  follicles ;  6,  agminated  glands,  or  the 
patches  of  Peyer. 
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The  valval©  coixniventes,  simple  tratisverBe  duplic^urei 
of  the  niueous  membrane  of  the  intestine,  are  particularl; 
well  marked  in  man^  though  thej  ai*©  fomid  in  some  of  the 
inferior  animals  belonging  to  the  class  of  niammalfl^  as  the 
elephant  and  the  camel/  They  render  the  extent  of  the 
mncotiB  membrane  much  gimter  than  that  of  the  other  coats 
of  the  intestine.  Commencing  at  aboat  the  middle  of  the 
duodenum,  they  extend^  with  no  diminution  in  number^ 
tlironghont  the  jejunum.  In  the  ileum  they  become  more 
aud  more  rare,  until  they  are  lost  at  about  its  lower  thinh 
Sappey  found  about  six  hundred  of  these  folds  in  tlie  first 
half  of  the  small  intestinej  and  from  two  hundred  to  two 
hundred  and  fifty  in  tlie  lower  half.  He  estimate  that  in 
those  portions  of  intestine  where  they  are  most  abundant, 
they  increase  the  length  of  the  mucous  membrane  to  about 
double  that  of  the  tul^e  itself ;  but  in  the  ileum  they  do  not 
increase  the  length  more  than  one-sixth.'  The  folds  are 
always  transverse  and  oceupy  usually  from  one-third  to  one- 
half  of  the  circumference  of  tlie  tube,  though  a  few  may  ex- 
tend entirely  around  it.  The  greatest  widtli  of  each  fold  h 
in  the  centre^  where  it  measures  from  a  quarter  to  half  an 
inch.  From  this  the  width  gradually  dhninishes  until  the 
folds  are  lost  in  the  membrane  as  it  is  attaclied  to  the  mtii- 
cidar  coat.  Between  the  folds  are  found  til>re^  of  conneetiTe 
tissue  similar  to  that  which  attaches  tJie  membra!ie  through- 
out the  whole  of  the  alimentary  tract.  This,  though  loo6e^ 
is  const^nt^  and  prevents  the  folds  from  being  effaced,  even 
when  the  intestine  is  distended  to  Its  ntfuost*  Ijetween  the 
folds  are  abo  found  vessels,  nerves,  and  lymphatici. 

The  position  and  arrangement  of  the  valvuliB  oonmventes 
is  such  that  they  move  freely  in  both  directions,  and  jBay  \ye 
applied  to  the  iuner  surface  of  the  intestine  either  above 
below  their  line  of  attachment.    It  is  evident  that  the  ft 

1860,  tome  vl,  p, 

'  Sapfett,  Traitv  ^  Ai^imnk  Ik^lpHvt^  Pads,  18T4,  tome  In,  p»  aofl» 
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as  it  passes  along  in  obedience  to  the  peristaltic  movements, 
must,  by  insinuating  itself  beneath  the  folds  and  passing  over 
them,  be  exposed  to  a  greater  extent  of  mucous  membrane 
than  if  these  valves  did  not  exist.  This  is  about  the  only 
definite  use  which  can  be  assigned  to  them.  They  cannot, 
as  has  been  supposed  by  some,  have  any  considerable  influ- 
ence on  the  rapidity  of  the  passage  of  the  alimentary  mass 
along  the  intestinal  canal. 

Thickly  set  beneath  the  mucous  membrane  in  the  first 
half  of  the  duodenum,  and  scattered  here  and  there  through- 
out the  rest  of  its  extent,  are  the  duodenal  racemose  glands, 
or  the  glands  of  Brunner.  These  are  not  found  in  other  parts 
of  the  intestinal  canal.  In  their  structure,  tliey  closely  re- 
semble the  racemose  glands  of  tlie  oesophagus.  On  dissect- 
ing the  muscular  coat  from  the  mucous  membrane,  they  may 
be  seen  with  the  naked  eye  in  the  areolar  tissue,  in  the  form 
of  little  rounded  bodies,  about  one-tenth  of  an  inch  in  diam- 
eter. Examined  microscopically,  these  bodies  are  found  to 
consist  of  a  large  number  of  short  blind  tubes  ramifying  in 
every  direction  and  held  together  by  a  small  quantity  of 
fibrous  tissue.  The  tubes  have  blood-vessels  ramifying  on  their 
exterior  and  are  lined  with  glandular  epithelium.  They  col- 
lect together  to  terminate  in  an  excretory  duct  which  pene- 
trates the  mucous  membrane  and  opens  into  the  intestinal 
cavity.  When  these  structures  are  examined  in  a  perfectly 
Iresh  preparation,  the  excretory  duct  is  frequently  found  to 
contain  a  clear  viscid  mucus,  of  an  alkaline  reaction.  This 
secretion  has  never  been  obtained  in  quantity  sufficient  to 
admit  of  the  determination  of  its  chemical  or  physiological 
properties.  Its  quantity  must  be  infinitely  small  compared 
with  the  quantity  of  secretion  produced  by  the  glandular 
tubes  found  in  such  immense  numbers  throughout  the  intes- 
tinal tract ;  and  it  cannot  be  regardecl  as  constituting  an  im- 
portant part  of  the  fiuid  known  as  the  intestinal  juice. 

The  intestinal  tubules,  or  the  follicles  of  Lieberkiihn,  the 
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most  important  glandular  structures  in  the  int^tiiial  canty, 
are  found  tlirougliout  the  whole  of  the  small  and  large  mie^- 
tine.  In  examining  a  thin  section  of  the  mucous  membraiie, 
these  little  tubes  are  seen  closely  packed  together,  occapTin)* 
nearly  the  whole  of  its  strtieture.  From  the  great  ot* 
the  membrane,  it  can  readily  be  conceived  that  their  mimuer 
must  be  immense.  Between  the  tubnlea  are  blood-vesa^k 
embedded  in  a  dense  Btrc^ma  of  fibrous  tissues  with  numerous 
of  the  imstriped  muscular  fibres*  In  a  vertical  section  of  the 
mucous  membrane,  the  only  situations  where  the  tubolas 
not  acen  are  in  that  portion  of  the  duodenum  where  the 
space  is  occupied  by  the  duets  of  the  glands  of  Brnnner*  and 
imraed  lately  over  the  centre  of  the  larger  solitary  glands 
and  &<>me  of  the  closed  folheles  which  are  collected  to  fonn 
the  patchet5  of  Beyer.  The  tubes  are  not  entirely  absent  in 
the  patches  of  Peyerj  but  are  collected  in  rings,  twenty  or 
thirty  tubes  deep,  which  enrround  each  of  the  closed  follicles, 
A  microscopical  examination  of  the  surface  of  the  mneotid 
membrane  by  reflected  hght  shows  that  the  openings  of  the 
tubules  are  Ijetweeu  the  villL 

In  their  anatomical  charactersj  the  tnbnlea  bear  bat  a 
slight  resemblance  to  the  glands  of  the  etomach.  They 
usually  simple,  but  sometimes  bifurcated.  They  present  eji- 
ternalty  a  strueturoless  basement-membranei  and  are  lined 
with  a  single  layer  of  columnar  epithelium  like  the  t^llji 
which  cover  the  villi;  the  only  difference  being  that  in  the 
tubes  the  cells  are  a  little  shorter.  These  cells  never  contain 
iBtty  gi^anules,  even  during  the  digestion  of  fat.  The  ccntnl 
cavity  which  the  cells  enclose,  whicli  is  about  one-fourtli  of 
the  diameter  of  the  tube,  is  filled  with  a  clear,  viscid  Uuid, 
which  id  the  most  important  constituent  of  tlie  intet^tiual 
juice.  The  length  of  the  tubnles  is  equal  to  the  thicknesss 
of  the  mucous  meinbrane,  and  is  about  ^  of  an  inch.  Their 
diameter  is  about  ^  of  an  inch.  In  man,  they  are  r 
dricjil,  terminating  in  a  single^  roundedj  blind  extreiu  *v, 
which  is  frequently  a  little  larger  than  the  rest  of  the  tube* 
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These  tubules  are  the  chief  agents  concerned  in  tlie  produc- 
tion of  the  fluid  known  as  the  intestinal  juice. 

The  intestinal  villi,  though  chiefly  concerned  in  absorp- 
tion, are  most  conveniently  considered  in  this  connection. 
These  exist  throughout  the  whole  of  the  small  intestine,  but 
are  not  found  beyond  the  ileo-ceecal  valve,  though  they 
cover  that  portion  of  the  valve  which  looks  toward  the  ileum. 
Their  number  is  very  great,  and  they  give  to  the  membrane 
its  peculiar  and  characteristic  velvety  appearance.  They  are 
fomid  on  the  valvuke  conniventes  as  well  as  the  attached  por- 
tions of  the  mucous  membrane.  In  the  duodenum  and  jeju- 
num, they  are  most  numerous.  In  these  parts,  there  are  from 
fifty  to  ninety  viUi  to  a  square  line,  and  in  the  ileum,  from 
forty  to  seventy  to  a  square  line.*  Sappey  estimates,  on  an 
average,  about  fifty  to  the  square  line,  and  more  than  ten 
millions  (10,125,000)  throughout  the  whole  of  the  small  in- 
testine.* The  form  of  the  villi  varies  somewhat  in  different 
animals.  In  the  human  subject,  they  are  flattened  cylinders 
or  cones.  In  the  duodenum,  where  they  resemble  somewhat 
the  elevations  found  in  the  pyloric  portion  of  the  stomach, 
they  are  shorter  and  broader  than  in  other  situations,  and  are 
more  like  flattened  cojnical  folds.  In  the  jejunum  and  ileum, 
they  are  in  the  form  of  long  flattened  cones  and  cylinders. 
As  a  rule,  the  cylindrical  form  predominates  in  the  lower 
portion  of  the  intestine.  In  the  jejunum  they  attain  their 
greatest  length,  measuring  here  from  jV  to  iiJ^ch  in 

length,  by      to       of  an  inch  in  breadth  at  their  base. 

The  structure  of  the  villi  shows  them  to  be  simple  eleva- 
tions of  the  mucous  membrane,  provided  with  a  rich  plexus 
of  blood-vessels,  and  with  lacteals,  or  intestinal  lymphatics. 
Externally,  is  found  a  single  layer  of  long  columnar  epithe- 
lial cells,  resting  on  a  structureless  basement-membrane. 

1  KdLLiKKR,  £UmeHU  d'hittalog'u  humaine,  Paris,  1868,  p.  529. 

'  Saffet,  Train  ^anatomie  detcriptive,  Parid,  1874,  tome  iv.,  p.  211.  Sap- 
per estimated  twelve  to  fourteen  villi  to  a  square  millimetre,  which  gives,  ap- 
proximatively,  about  fifty  to  a  square  line. 


3ia 


The^e  cellsj  tliougli  closely  adlierent  to  tlie  subjacent  parti 
during  life,  are  easily  removed  after  death,  and  are  almost 
always  destroyed  and  removed  in  injected  preparations. 
They  adhere  firmly  to  each  other,  and  ai-e  isolated  with  tlifli- 
culty  in  misci'oscopic  preparations.  KoUiker  has  shown  that 
the  membranes  on  the  free  surfaces  of  these  cells  are  tbick* 
ened  and  finely  striatedj  fbrniingj  as  it  were,  a  spedal  meitt' 
brane  covering  the  villus  and  external  to  the  cells.  This 
membrane  may  be  raised  up  from  tie  cells  and  exhibited  by 
the  action  of  water*' 

The  substance  of  the  villus  is  composed  of  a  Btroma  of 
amorplious  matter ,  in  whieli  are  embedded  nuclei  and  a 
few  fibre^^,  fibro-plastic  ccUs,  and  numerous  non-etriated  mas- 
cnlar  fibres.  The  blood-veseek  are  very  nimierons ;  fonr  or 
five,  and  sometimes  as  many  as  twelve  or  fifteen  artereoles 
entering  at  the  baso,  ramifj'ing  through  the  Jiubstanee  of  the 
villus,  but  not  branching  or  anastamosing,  or  even  dimmi^^h- 
ing  in  caliber^  until  by  a  slightly-wavy  turn  or  loop  they 
communicate  with  the  venous  radicles,  eacli  of  which  ii 
somewhat  hirger  than  the  arterioles.  The  veins  all  can- 
verge  to  two  or  three  brancheSj  finally  emptying  into  s 
large  trunk  sitaated  nearly  in  the  axis  of  the  villuB.' 

The  nuclei  of  the  muscular  fibres  of  the  villi  may  be 
showTi  by  treating  them  with  acetic  acid  after  the  epithelium 
has  been  removed.  These  fibres  appear  to  be  longitmliiial^ 
forming  a  thin  layer  surrounding  the  villus,  about  halfway 
between  the  periphery  and  the  centre,  and  ci^ntinnous  with 
the  muscular  coat  of  the  intestine.  The  muscular  fibres, 
from  their  arrangement,  would  seem  to  be  capable  of  short- 

'  Ror.ttKEft^  op.  c^.j  p,  533.   The^  obferratloiui  were  mmiie  hf  EuIUkerte 
lSa5.   In  184i,  Doodflk  de^cHbed  and  figured  in  apfxamtico  on  ibc  ii«t 
of  Ihc  epUhelitim  (?oTecinpt  tbe  ritli^  wluuli  he  eoid       like  a  meoobruift 
ing  ibe  celli,  thougb  be  did  not  di^lincl1J  a^rt  the  oiifitcnce  of  mdi  t 
biAne.  {  Oh  the  Strmiurt  of  the  I»ii»tifutl  Vl^i  tn  Mhtt  and  mrimm  <>/  ikt  Mt 
malia^  viM  »ome  Ohmf^m  m  Biff^ioiu  <xtfd  the  Afmirpilm  Ckj^ — 
Edinhuriih  Xrtti  PhUf^t^phital  Journal^  IM%  vol,  xtniii.^  |v  I  f  jJ 

*  SAPrirr,  Traill  iTJjia/amiV  Dtscrtptivt^  Parts,  1874,        17,^  ^*  215* 
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ening  the  villuSj  and  this  has  actually  been  observed  in  spcci- 
mens  taken  from  the  intestine  shortly  after  deatb. 


Tbe  anatomy  of  the  lac- 
teals  as  tbey  originate  in  the 
%illi  has  been  the  subjet^t  of 
much  controversy ;  but  abnoat 
w31  anatoQijsts  are  now  agreed 
that  these  ve^eb  commence 
either  by  a  plexus  or  by  bHnd 
extremities.  The  most  gen- 
erally received  view  at  the 
present  day  is  that  the  lac- 
t^ls  originate  by  a  dngle 
delieate^  nearly-straight  ves- 
sel in  each  villus ;  and  that 
this  vasfiel  does  not  originate 
in  a  plexus,  and  hae  no  rami- 
fications in  tlie  villus  itself, 
except  at  or  near  the  siiniinit 
of  the  villus,  where  it  may 
present  a  few  short,  rounded 
diverticula. 

Owing  to  the  excessive  te- 
nuity of  the  walls  of  tlie  lac- 
teals  in  the  villi j  it  haa  been 
found  impossible  to  fill  them 
with  an  artificial  injection, 
though  the  lymphatics  sub- 
jacent to  them  may  be  easily 
distended  and  studied  in  this 

way.  Those  who  pruless  to  have  seen  the  single  lac- 
teal in  the  villus  have  done  so  by  examining  the  parts 
when  the  lacteal  system  has  been  engorged  with  uhyle. 
It  seeing,  however,  from  a  careful  review  of  the  whole 
eiibjectj  that  the  view  entertained  by  Sappey  is  most  nearly 


Inti-ntlniil  Tim,  AH  fit^on  hj  tmtj#mllU>il 
il;.'hL  Thii  Triltfi**.  marked  l,hin^  Ijmd 
parliaDy  w  Utsilmn  n  by  trtjntmcllnn  fftnii 
fti  invcMlnir  f  pltliitllum,  which  t\m\^ 
left  cnTlrr*  liko  thf^  llitu'"  r  t^f  ft  glovu  — 
a,  epU helium  of  Ihp  villus  ;  A,  jyrrafiU' 
ItLt  maXriK,  or  11*11  bouncy*  of  tho  ^Ainil'* 
(BmsiTOX,  Cgcfofkwdkt  0/  Amttmny  m4 
PhifiiiiM'm,  Lontlun,  ml  v.,  inji- 
pl^i'Ut,  p.  aiM.) 
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correct*  Tiis  ob&erveri  having  tried  all  tnethiids  of  artificijil 
injection  of  the  lacteak  of  the  villi,  came  to  the  ODneluMon 
that  nothiJig  was  to  be  learned  from  examinations  of  the 
m neons  membrane  after  death.  lie  then  examined  the  vilh 
of  a  dog  in  which  the  entire  lacteal  fiTstem  was  engorged 
with  chyle,  eecnring  the  chyle  in  the  parts  by 
applied  to  the  pi-incipal  trimkg^  When  he  examined 
mucous  membrancj  he  found  it  white,  as  though  it  had 
sprinkled  with  milk,  and  the  viUi  engorged  and  in  a  sort  of 
erection.  On  placing  some  of  the^  villi  between  two  plates  of 
glaBs  and  examining  tliem  with  a  magnifying  power,  he  sa 
them  divide,  while  under  ubBervation,  into  two  portions ;  a 
peripheral  portion,  occnpied  by  loops  of  blood- vea&ek,  &nd  a 
central  J  white  portion,  which  had  a  cylindrical  or  ellipsoid^ 
form.'  It  is  this  central  portion  which  has  been  tAken  for 
the  single  lacteal  by  the  older  anatomists. 

Sappey,  while  unable  to  demougtrate  lacteals  in  the  in 
tiual  villu  inters  their  existence  from  analogy  with  the  piapjlls 
of  various  parts*  The  reason  why  they  cannot  be  injected  in 
the  intestine  is  because  the  soft  tisane  in  which  they  are  em- 
bedded afforda  no  support  to  their  walla.  As  regmrda  their 
mode  of  origin,  we  are  disposed  to  adopt  the  opinion  of  Sai 
pey,  that  they  probably  commence  by  a  deliczite  anastomu 
plexng  Bitnated  outside  the  blood-vessels/  This  ts  the  way 
in  which  l^TnphaticB  have  been  shown  to  arise  in  the  papt 
of  the  skin  and  other  parte  in  which  the  density  of  the 


*  The  quesdoti  of  the  origiti  of  these  vessdi,  wMdi  ire  «o  imporlttiil 
inteitiiiiLl  absorption,  w  atUl  rery  dUcure.    The  ofafi«FTBliou  bv  S&ppej,  w*- 
W€  tiATe  jast  quoted,  la  taken  from  the  first  e^titm  of  htM  work  o 
(TWifl  d^nnatmakj  PftriSj  1B57,  tome  Ht.^  p.  H9)l   Iq  ft  Bcoood  etMiioii  (liL  197 
tome  ir.,  p.  thh  obdi^vatloa  U  omitlad.    ReddlnghHUfien  (In  Stvj. 
Mitnwd  of  Human  mtd  Vnmparcrtht  HitUdo^^  The  New  Sydenbftai 
Londcm,  1870,  vol  I,  p,  301)  admits  the  existence  of  a  aingle  Ifleteal  ve 
the  ijitcnor  of  mch  tillu^  whiub  re<!elTefi  the  chrle  m  It  It  pressed  tlimigli 
epilhelml  layer  hud  the  subttaQee  of  tbe  tiUu.^* 

•  SAmY,  ThiiH  d'anaitmu,  Paiifl,  1874,  torae  it,,  pi  218. 
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roondiDg  Btructures  will  admit  of  these  vessels  being  filled 
vrith  injection. 

No  satisfactory  account  has  ever  been  given  of  nerves  in 
the  intestinal  villi.    If  any  exist  in  these  structures,  they 
I)robably  are  derived  from  the  sympathetic  system,  which 
*  is  largely  distributed  to  the  intestinal  canal. 

The  solitary  glands  or  follicles  and  the  patches  of  Peyer,* 
or  agminated  glands,  have  one  and  the  same  structure ;  the 
only  difference  being  that  those  called  solitary  are  scattered 
singly  in  very  variable  numbers  throughout  the  small  and 
large  intestine,  while  the  agminated  glands  consist  of  num- 
bers of  these  follicles  collected  into  patches  of  different  sizes. 
These  patches  are  generally  found  in  the  ileum.  The  number 
of  the  solitary  glands  is  so  variable  that  it  is  impossible  to  give 
any  general  estimate  of  it.  They  are  sometimes  absent.  The 
patches  of  Peyer  are  always  situated  in  that  portion  of  the 
intestine  opposite  the  attachment  of  the  mesentery.  They 
are  likewise  variable  in  number,  and  are  irregular  in  size. 
They  are  usually  irregularly-oval  in  form,  and  measure  from 
half  an  inch  to  an  inch  and  a  half  in  length,  by  three- 
fourths  of  an  inch  in  breadth.  Sometimes  they  are  three  or 
four  inches  long,  but  the  largest  are  always  found  in  the 
lower  part  of  the  ileum.  Their  number  is  about  twenty,  and 
they  are  usually  confined  to  the  ileum ;  but  when  they  are 
very  numerous — ^for  they  sometimes  exist  to  the  number  of 
sixty  or  eighty — ^they  may  be  found  in  the  jejunum,  or  even 
in  the  duodenum. 

Two  varieties  of  these  patches  have  been  lately  described 

'  These  patches,  or  collections  of  closed  follicles  in  the  intestine  are  generally 
ealled  the  patches  or  glands  of  Pejer,  after  the  anatomist  who  described  them,  in 
1677.  It  is  admitted  that  Peyer  was  not  their  discoverer,  as  they  had  been  ob- 
aerred  by  S^verin,  Wepfer,  and  particularly  by  Grew,  an  English  anatomist,  in 
1676 ;  bat  the  description  by  Peyer  was  so  much  more  accurate  and  satisfactory 
than  the  obserrationB  of  his  predecessors,  that  the  glands  have  since  been 
called  by  his  name.  The  work  of  Peyer  is  reprinted  in  the  BibUotheca  AnatO' 
miM,  by  Glericns  and  Mangctus,  tomus  i.,  p.  160.  This  is  entitled,  JSurcUaUo 
AfuthmUeo-Mediea  Prirm  de  Oiandulis  IrUcstinormn  adjecta  est  Anaiome  VentriF 
emk  G^inaeei. 
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by  anatomists.  In  one  of  th^  rarietieSi  the  patch  ii  quite 
prominentj  its  surface  being  Blightly  raieed  above  the  geneml 
mucoiis  eurfacej  wliilc  in  the  other,  the  sarface  is  smooth, 
and  the  pati^h  is  distinguished  at  first  with  some  difficult j. 
The  more  prominent  patches  are  covered  with  moooos  mem* 
brane  arranged  in  folds  something  like  the  convolutions  on 
tlie  snrface  of  the  brain.  The  valvulse  conniventes  ane  ar- 
rested at  or  very  near  their  borders.  These  are  the  only 
pate  lies  wtiich  are  generally  described  as  the  gland?  of  Peyer 
the  otheiiSj  which  may  be  called  the  smooth  patches^  bei 
generally  overlooked*  The  latter  are  covered  with  a  Bmooth, 
thin^  and  closely  adherent  mucous  membrane.  Their  follieh*^ 
are  small  and  ntiraeron.^.  The  bordem  of  these  patches  are 
mtieh  less  strongly  marked  than  those  of  the  first  variety*  A& 
they  are  evident  only  upon  elo^e  examination^  and  as  they 
are  the  only  patcha^  present  in  certain  iudividnak,  it  U  &aid 
that  sometime*  the  patches  of  Peyer  are  entirely  wanting. 
They  are  generally  less  numerous  than  the  first  variety,  an'^ 
according  to  Sappey,  are  most  abundant  in  persons  of  feebl 
constitution,*  The  villi  are  very  large  and  prom  meet  on  the 
mucous  membrane  covering  the  first  variety  of  Peyer s 
patches,  especially  at  the  summit  of  the  folds.  In  the  sec- 
ond variety,  the  ^411i  are  tlie  same  as  over  other  parta  of  the 
mucous  membrane,  except  that  they  are  placed  more  irreg 
idarly  and  are  not  so  nufoerous. 

The  intimate  structure  of  these  bo*lies  has  not  been 
nitely  settled  in  all  its  particulars.  It  is  well  determined, 
however,  that  the  follicles  which  compose  them  are  ooip- 
pletcly  closed ;  the  openings  which  have  been  sfdd  to  exist 
being  undoubtedly  accidental  ruptures  made  in  preparing 
the  specimen  for  microscopic  examination.  These  follicle* 
are  somewhat  penr-Bhaped,  with  their  pointed  projections 
directed  toward  the  cavity  of  the  intestine,  Just  above 
the  follicle,  there  is  generally  a  small  opening  in  the  m\u 
com  membrane,  surronuded  by  a  ring  of  intestinal  tulmli!^ 
*  SappjjVj  Tt'aiti  cfana/offifV,  Ptrts,  li74|  tome  W.,  jk  238, 
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and  leading  to  a  cavity,  the  base  of  which  is  convex  and 
formed  by  the  conical  projection  of  tlie  wall  of  the  follicle. 
The  diameter  of  the  follicles  is  from  to  ^  of  an  inch.* 
The  small-sized  follicles  are  generally  covered  by  the 
mucous  membrane  and  have  no  opening  leading  to  them. 
Each  follicle  consists  of  a  rather  strong  capsule  composed  of 
an  almost  homogeneous,  or  very  slightly  fibrous  membrane, 
enclosing  a  semifluid  grayish  substance,  cells,  blood-vessels, 
and  probably  lymphatics.  The  semifluid  matter  is  of  an 
albuminoid  character.  The  cells  are  very  small,  rounded, 
and  mingled  with  numerous  small  free  nuclei.  The  blood- 
vessels have  rather  a  peculiar  arrangement.  In  the  first 
place  they  are  distributed  between  the  follicles,  so  as  to  form 
a  rich  net-work  surrounding  each  one.  Numerous  capillary 
branches  are  sent  from  these  vessels  into  the  interior  of  tlie 
follicle,  returning  in  the  form  of  loops.  The  obscurity  in  the 
anatomy  of  the  follicles  is  chiefly  with  regard  to  the  arrange- 
ment of  their  lymphatic  vessels.  These  have  not  been  dis- 
tinctly traced  within  the  investing  membrane.  They  have 
been  demonstrated  surrounding  the  follicles,  but  it  is  still 
doubtful  whether  they  exist  in  their  interior.  This  ques- 
tion is  so  unsettled  that  it  is  impossible  to  make  a  definite 
statement  on  the  subject.  All  that  is  known  is  that  during 
digestion  the  number  of  lacteals  coming  from  the  Peyerian 
patches  is  greater  than  at  other  parts ;  but  vessels  containing 
a  milky  fiuid  are  never  seen  within  the  follicles. 

The  mucous  membrane  covering  the  prominent  patches 
is  generally  so  thick  and  folded  that  the  closed  follicles  can- 
not be  seen  from  above  and  are  only  discernible  from  the 
under  surface.  In  the  smooth  patches,  the  follices  are  gen- 
erally weU  brought  out  by  maceration  in  acetic  acid. 

The  description  of  the  follicles  which  compose  the  patches 
of  Peyer  answers,  in  general  terms,  for  the  solitary  glands, 
except  that  the  latter  are  found  in  both  the  small  and  large 
intestine. 

1  KdLLiKSB,  SlemejUs  d'histologie  humaine^  PariB,  1868,  p.  543. 
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or  the  tlir^  fluids  witb  which  the  food  is  bnnag|it  in  ooii- 
tact  in  the  jntestiual  cannl,  nnmelj.  the  bile,  the  psTiereatuy 
juice,  and  the  intestinal  juicCj  the  la^t,  the  fiecjretioii  ot 
the  mucous  itiembrane  of  the  intastiiie^  presents  the  gre«lQgt<1 
difficulties  in  the  investigation  of  its  propcrti^  and  ftinc 
If  it  bti  aduiUsiljle  to  reus*>n  from  the  known  meebaiitsK#^ 
of  secretion  in  other  parts,  it  is  fair  to  auppo^  that  tlie 
normal  secretion  from  the  mucous  membrane  of  the  in  test 
can  only  take  place  in  obedience  to  tlie  stimulos  of  food«l 
The  same  canse  indnoes  the  secretion  of  the  pancreatic  jii]ef9yj| 
and  increast^  the  flow  of  bile.    As  we  have  already  seen,  the 
food,  as  it  passes  from  the  etomach  into  the  duodenum,  k  ta^ 
a  great  extent  disintegrated  and  mingled  with  the  Beeretic 
from  both  the  month  and  the  stomach*    LTnder  these  cijx'um- 
atanced,  it  is  evidentlj  impossible,  with  our  present  means  of 
inTestigation,  to  collect  the  intestinal  juice  under  perfectlj 
physiological  conditional  in  a  state  of  purity  sufficient  to  bRl^w 
of  extended  experiments  regarding  its  composition,  propert  it 
and  action  in  digestion*    It  is  for  these  reasons  that 
cannot  regard  the  ob^rvations  of  Freriehs  and  Bidder  and 
Schmidt  as,  of  themselves  throwing  much  light  upon 
properties  and  function  of  the  fluid  under  consideration, 

Freriehs  attempted  to  collect  the  intestinal  juice  in  the 
following  way :  He  dr^w  out  fmm  the  a1>domen  of  a  living 
animal  a  loop  of  the  small  intestine,  from  four  to  eigl 
inches  in  length,  which  was  emptied,  carefully  cleaned  by 
repeated  washings  with  warm  water,  and  ist>lated  by  two 
ligature^.  The  intestine  was  tlien  remmed  to  the  abdi>m!- 
nal  carity,  the  animal  was  killed  after  a  few  hours,  and  the 
contents  of  the  isolated  portion  examined.  These  es^ri- 
ments  were  made  upon  dogs  and  eats^  during  the  inlerrali  of 
dige^stion.  The  fluid  t»ontained  in  the  portion  of  inteatiM 
situated  between  the  liiratnres  was  found  to  l»e  *  "*^i^f 
colorlese,  and  riscid,  with  a  strongly  alkaline  i  It 
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possessed,  to  a  certain  degree,  the  property  of  transforming 
starch  into  sugar,  but  the  intensity  of  its  action  in  this  re- 
spect  was  very  variable.  It  also  imperfectly  emulsified  tlie 
fats  and  had  some  action  upon  the  albuminoids.  The  gen- 
eral conclusion  arrived  at  by  Frerichs  was  that  the  intestinal 
juice  was  not  very  active  in  digestion.* 

The  method  of  studying  the  intestinal  juice  employed  by 
Bidder  and  Schmidt  more  nearly  fulfilled  the  necessary  phys- 
iological conditions.  They  experimented  upon  dogs  and 
cats,  shutting  off  from  the  intestine  the  bile  and  pancreatic 
juice,  and  found  that  when  starch  was  introduced  into  the 
canal  it  became  transformed  into  sugar.  They  also  ob- 
served that  fat  was  emulsified  to  a  considerable  degree,  and 
that  albumen  and  meat  were  partially  disintegrated  and  di- 
gested.' These  observei*s  were  unable  to  collect  the  intesti- 
nal juice  in  quantity  sufficient  for  analysis ;  and  regarded 
the  fluids  which  were  obtained  in  quantity  by  Frerichs  as 
the  result  of  pathological  action.  That  which  they  obtained 
was  found  to  be  colorless,  very  viscid,  and  strongly  alkaline 
in  its  reaction. 

As  far  as  the  composition  and  general  properties  of  the 
intestinal  juice  are  concerned,  the  observations  of  Colin  upon 
horses  are  the  most  definite,  though  it  is  questionable  whether 
he  succeeded  in  obtaining  the  fluid  in  a  normal  state.  To 
collect  the  fluid,  an  incision  was  made  into  the  abdominal 
cavity,  and  from  four  and  a  half  to  six  feet  of  the  small  in- 
testine were  drawn  out.  This  portion  was  emptied  by  gently 
pressing  with  the  finger  from  above  downward,  while  with 
the  other  hand  the  upper  portion  was  kept  closed.  Without 
removing  the  fingers,  two  soft  clamps  were  then  applied,  thus 
shutting  off  the  exposed  part  of  the  intestine^rom  the  rest 
of  the  canal.  The  gut  was  then  returned  and  the  wound  in 
the  abdomen  closed.    At  the  end  of  half  an  hour,  the  animal 

*  Frerichs,  Verdauung, — ^Wagner's  Handworterbuch  der  Phynologie^  Braun* 
•chweig,  1846,  Bd.  ui.,  S.  832. 

•  Bidder  und  Schmidt,  Die  Ver darning wiifte^  Leipzig,  1852,  S.  270  et  neq. 
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wag  kiileil  hj  bleeding,  and  tlie  contents  of  tlie  is*  Jtited  p«>ttioti 
ijf  the  intestine  were  exaiiiined.  The  quantity  of  juice  obtaine^i 
was  considerable,  being  from  1,23a  to  1,S52  gralm?  Ibr  about  six 
and  a  half  feet  of  intestine.  It  wa^  always  foand  to  he 
much  le^  when  intestinal  digestion  had  been  sn^pende^J,  aud 
its  quantity  could  be  increased  by  the  injection  into  tlie  loop 
of  a  little  solution  of  manna,  sulphate  of  soda,  or  aJoesu 
The  fltiid  tlivis  obtained  was  clear,  a  little  yellowisli,  with  i 
saline  ta^te  and  an  alkaline  reaction.  It  was  mixed  with 
mucu5,  which  formed  a  sediment  when  the  fluid  was  allowed 
to  standi  and  could  be  separated  by  filtration/ 

Notwithstanding  the  car©  with  which  the^e  olj^ri'ationfi 
were  conducted,  it  is  not  probable  that  the  fluid  thus 
tained  by  Colin  was  tlie  normal  intestinal  juice;  and  it 
tainly  does  not  correspond  in  its  general  characters  with 
fluids  which  have  been  stndied  by  other  experimenters* 

It  becomes  an  interesting  question,  in  tJiis  connectian,  to 
determine  whether  the  solitary  and  the  agminated  glands 
priHluce  any  secretion  which  is  discharged  into  the  inteetlttil 
eavity.  Though  the.^  folliclea  are  closed,  the  obserrsttom 
of  Colic  have  shown  pretty  concltisively  that  they  are  eapahk 
of  pn>ducing  a  secretion  ;  but  the  precise  mode  of  its  forma- 
tion is  not  so  apparent.  The  experiment  by  which  this  wu 
demonstrated  was  made  on  a  pig,  an  animal  in  which  there 
IS  an  enormous  agminate  gland,  ribbon-shaped,  and  over  six 
feet  in  length.  That  portion  of  the  ileum  in  which  the 
gland  is  situated  waa  emptied,  and  about  four  and  a  hslf  Ibec 
of  it  im-ilated  by  two  ligatures  from  the  rest  of  the  canaL  At 
the  end  of  an  hour  the  animal  was  killed  and  the  intes^tiae 
examined.  The  surface  of  the  gland  was  found  covered  wiA 
a  layer  of  mnfts^  thicker  and  more  consistent  than  over  other 
prjrttons  of  the  membrane/  The  only  way  in  which  it  ex^uld 
reasonably  be  supi>osed  that  \lih  secretion  was  produced  u  hy 

*  CfU.i3f,  Ti^i  de  Fkytiolc^t  Com^r^,  Pftds,  UH,  Umt  I,  p.  048  «f  Mf 


INTESTINAL  JUICE, 


325 


exhalation  through  the  membranes  of  the  follicles ;  as  there 
is  no  evidence  that  their  contents  are  discharged  by  rupture. 

Taking  only  into  consideration  experiments  upon  animals, 
little  definite  information  has  been  obtained  concerning  the 
composition  and  properties  of  the  intestinal  juice.  We  can 
i*eadily  see  that  this  must  be  the  case,  since  it  has  thus  far 
been  impossible,  in  observations  of  this  kind,  to  fulfil  tlie 
necessary  physiological  conditions.  Farther  facts  were  evi- 
dently needed  to  harmonize  the  opposite  results  arrived  at 
by  diflferent  experimenters.  It  was  the  same  in  the  progress 
of  the  physiology  of  stomach-digestion,  which  was  unsettled 
and  obscure  until  the  normal  gastric  juice  was  obtained  by 
Beaumont.  The  case  of  intestinal  fistula  reported  by  Busch, 
to  which  reference  has  already  been  made,  has  done  much  to 
elucidate  this  subject.* 

The  case  referred  to  was  that  of  a  woman,  thirty-one  yeara 
of  age,  who,  in  the  sixth  month  of  her  fourth  pregnancy, 
was  injured  in  the  abdomen  by  being  tossed  by  a  bull.  The 
wound  was  between  the  umbilicus  and  the  pubes,  presenting 
two  contiguous  openings  connected  with  the  intestinal  canal. 
It  was  supposed  that  the  openings  were  into  the  upper  third 
of  the  small  intestine.  At  the  time  the  patient  first  came . 
under  observation,  every  thing  that  was  taken  into  the  stom- 
ach was  discharged  by  the  upper  opening,  and  all  attempts 
to  establish  a  communication  between  the  two  by  a  surgical 
operation  had  failed.  At  this  time  the  patient  was  extremely 
emaciated,  had  a  voracious  appetite,  and  was  evidently  suf- 
fering from  defective  nutrition  resulting  from  the  constant 
discharges  of  alimentary  matter  from  the  fistula.  Having 
been  treated,  however,  by  the  introduction  of  cooked  aliment- 
ary substances  into  tlie  opening  connected  with  the  lower 

'  Busch,  Beilrag  zur  Physiologie  der  Verdauungsorgane. — Virchow's  Arehiv^ 
Berlin,  1868,  Bd.  xiv.,  S.  140  et  seq.  An  analysis  of  these  observations,  embra- 
cing most  of  the  interesting  points,  is  contained  in  the  American  Journal  of  the 
Jfedical  Scifncen^  July,  1860,  p.  217,  and  in  the  Korih  American  Medico-Chirur' 
gical  RevieiCj  oi  the  same  date. 
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end  of  the  ititeetiue,  she  soon  improved  in  her  noirition,  and 
was  then  made  the  subj^t  of  extended  and  interestitig  ob- 
gervatfons  upon  intestinal  digestion,  ^fll 
With  regard  to  the  general  properties  of  the  intestfll 

juiee,  the  oliservations  of  Bnseh  npon  this  case  agree  with 
tliose  of  Bidder  and  Schmidt  upon  the  lower  aiiimali^  He 
iiever^  in  the  natural  condition,  found  a  large  qaantitv  of  se- 
cretion in  the  intestine^  The  fluid  was  white  or  of  a  pale 
mse-colorj  conBistent,  and  always  strongly  alkaline.  Tlie 
xnaximum  proportion  of  solid  matter  wlueh  it  contained  wm 
1"4  and  the  minimum  3-87  per  cent/  The  secretion  could 
not  apparently  be  obtained  in  sufficient  quantity  for  ult 
aualyds. 

No  better  opportunity  than  this  could  be  present 
studying  the  int^tinal  juice  in  its  pure  state.  The 
of  the  ease  made  it  imjKiSsible  that  there  should  be  any 
mixture  of  food,  pancreatic  juieej  bile,  or  the  eecretion  of  the 
duodenal  glands ;  and  during  the  proce^  of  digestion,  the 
lower  pai*t  of  the  intestine  undoubtedly  produced  a  fluid  of 
perfectly  normal  character  Wlieu  we  come  to  consider  the , 
action  of  the  intestinal  juice  upon  the  various  articles  of  ft 
our  most  reliable  tacts  will  be  drawn  from  the  ob^^vat 
made  upon  this  case. 


From  what  has  l>een  ascertained  by  experiments  uj 
the  lower  animals  and  observations  on  the  human  subject^ 
the  intestinal  juice  has  been  shown  to  possetsa  the  following:; 
characters : 

Its  quantity  in  any  portion  of  the  mucous  membrane* 
which  can  be  examined  is  small ;  but  when  the  esrtent  of  th^ 
canal  is  considered^  it  is  e\ident  that  the  entire  quantity  of 
intestinal  juice  must  be  great^  though  beyond  this,  n 
estimate  can  be  made. 

Tlie  intestinal  juice  is  viscid,  and  has  a  teudauey  1 


»  ViRCHOw'a  Ardiiw,  1858, 81  116. 
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liei^  k>  tbe  mxicoiifi  membrane.  It  is  generally  either  color- 
Im  or  of  a  faint  rose^tintj  and  its  reaction  is  invariably  aU 
kaline. 

With  rej^rd  to  the  compmition  of  tlie  inteBtinal  juicBj 
little  of  a  definite  character  Inm  been  learned.  Alt  that  can 
le  said  is  that  its  &ohd  eonetitnents  exist  in  tbe  proivortion 
of  about  5'4T  parts  per  hnndreti'  In  mmt  analvises  uf  fluids 
from  the  intestine,  there  h  rea64m  to  believe  tlmt  the  normal 
intestinal  juice  wa,%  not  obtainetL^ 

The  organs  which  secrete  the  fluid  known  ae  the  intesti- 
nal juice  are  tbe  follicles  of  Liebcsrkuhii,  the  ghiuds  of  Bnui- 
aer>  the  solitary  foil  ides,  ami  the  patches  of  Peyer.  The 
fiaid^  however,  is  chiefly  secreted  by  the  fc^lliclc^  of  Liel>er- 
ktihu,  which  J  as  we  have  seen,  exist  in  the  mucous  nieui- 
brane  of  the  intestine  in  inimen&e  nnmbers.  Though  the 
other  organs  mentioned  do  not  contribute  much  tti  tlie  secre- 
tion,  they  produce  a  certain  quantity  of  fluid;  and  the  intes- 
tinal jnice  mnst  be  regarded  as  a  compound  fluid,  like  the 
saliva,  and  not  the  product  of  a  single  variety  of  glands,  like 
the  gastric  juice* 

Aeiion  of  the  JnieMinal  Juiee  in  DigeMion. 

The  philological  action  of  the  intestinal  juice  has  been 
rlosely  studied  in  tlie  inferior  animals  bv  Frerieha  and  Bid- 
der and  Schmidt ;  but  their  exjieriments  have  been  som^ 

*  BriCM,  lac.  tit 

'  Colin  (op.  dL^  tome  MU)  givpn  the  following  unftlpia  hy  LassaigDe  of 
ii^tetinAl  fluid  tftken  from  tbe  bone  The  mode  in  vbiuh  ihh  duid  obt  tuned 
U  C^jltn  tiafl  drendy  Imn  ttfetred  lo.  The  fluid  wm  coli«:t<?d  m  large  quantity, 
«>d  it  Sterns  probable^  efpeeially  finct!  the  obMrmlions  of  Biiecli,  tint  it  w«5  not 
lb*  noftnal  ttit^ititul  jujc«.    Its  specifle  gravity  Wiia  J, 010  at  Mi"  Fahr» 

Water  

Albuiuen  

Chlot4de  of  sodium  ^ 
**  potnpfliuin  1^ 
Flifi*pfaat«  of  Mida  j 
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what  contradictory.  All  obeefrrerB,  howeTer,  are  agreed  that 
this  fluid  k  more  or  lem  aetire  in  tran^formiii^  starch  iiilt> 
gugar.    But  we  most  turn  fioallj  to  the  obeemtioti^  of 
Bu^h  on  the  ea^  of  intaitiDal  fistula  In  the  humati  subject  I 
for  the  iiioBt  Batisfactorj  and  definite  information  on  this  1 
jec't.   Id  many  points,  it  is  true,  these  obeerratioiis  simply  \ 
eonfirm  those  which  have  been  made  npoQ  the  inferior  ani* 
mab,  but  tliey  are  of  great  value,      they  establish  coneltK  j 
girely  tiiany  ini[^>ortant  facta  regarding  the  actton  of  fbil 
intestinal  juice  in  the  humati  subject*  I 

In  thi^  ease,  starchy  Iniitb  raw  and  hydrated,  wh^  intn>'  J 
duced  into  the  lower  opening,  where  it  came  in  eontad  ooljr " 
with  the  intestinal  juice,  was  invariably  ebauged  into  gjii- 
coge.    Cane^ugar  was  not  transformed  into  glaeoee,  but  ap- 
peared in  the  I'sBces  as  cane-sngar.    This  is  important,  with 
refexence  hoth  to  the  want  of  actjon  of  the  intestinal  juice  i 
npon  cane-sugar,  and  the  fact  that  ean&«ngar,  as  such|  m  dou 
absorbed  in  quantity  by  the  intestind  maoous  membrane.  I 

Coagulated  albumen  and  cooked  meat  wej>e  always  mcra^l 
or  less  digesteil  by  the  intestinal  juice.  This  foct  ooiMidm 
with  the  observations  of  Bidder  and  Schmidt, 

The  observationB  wliich  were  made  on  futs^  melted  bet- 
ter, and  coddiver  oil^  showed  that  the  pure  intestinal  jdoe 
had  little  or  no  action  upon  tbem.  These  substances  always 
appeared  in  the  fieees  unchanged.  When,  however,  fiittr 
matters  were  taken  into  the  stomach,  they  were  di^diafged 
from  the  npper  opening  in  the  intestine  in  the  farm  of  a  vcnr 
fine  emuLiun,  and  could  not  be  recognized  as  &t.  i 

It  is  evident  from  these  facts  that  the  intestinal  jutee  is  J 
important  in  digestion,  more  m  a  fluid  wlucli  aids  the  geii*! 
era!  proce^fs  as  it  takes  place  in  the  small  intestine,  than  aw 
one  whidi  has  a  |ieculiar  action  upon  any  distinct  ela^  i  ^ 
classes  of  alimentary  principles.  It  undoubtedly  assists  iH 
completing  the  digestion  of  albuminoid  substanceaa  and 
transfonning  starch  into  sugar,  Althon^,  in  the  lat^H 
piwees,  its  action  is  very  markeil.  the  same  property  beli'^H 
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to  the  saliva  and  the  pancreatic  juice.  Intimately  mingled 
it  always  is  during  digestion — ^with  the  bile  and  the 
pancreatic  juice,  as  well  as  with  various  alimentary  sub- 
stances, the  intestinal  juice  shoidd  be  studied  as  it  operates 
npon  the  food,  in  connection  with  the  other  fluids  found  in 
the  small  intestine ;  the  digestive  action  of  all  being  most  in- 
•  timatdy  associated. 


♦ 


PTER  xn. 


PANOBBATIC  JUICB. 


and  eotuposhion  of  ilie  pAncreatlc  juice — Alterations  of  the  p&uereatic 
Action  of  the  pontrrffltic  juice  in  dlgi^stioti — Action  upon  IktJ — D^ti 
of  the  pnacreoi! — of  fatty  diArthm^a — Autloii  of  the  i>ftiicr(?«t]« 
upon  aurchj  and  MochaHae  principle^^Aotioa  upon  tutrogcuiEed  prladj 
^^uniiii^j  of  th€  fuDctlons  of  Lbc  puncretui  in  difedCion. 


The  phy biological  anatomy  of  tlie  pancreas  will  not  de— 
mand  a  yery  extended  consaiderationj  as  most  of  the  point*  ^ 
its  descriptive  anatomy  have  no  direct  relation  to  its  phyi 
iology,  and  its  minute  anatomy  belongs  properly  to  the  sn| 
ject  of  Beeretion.  The  pancreas  h  a  glandular  or^an,  ut^ 
a  ted  transvei'eely  in  the  upj>er  paii  of  the  abdominal  cjivit 
closely  applied  to  its  posterior  wall  Its  fomi  i^  elongate 
Mith  an  enlarged  thick  portion^  called  the  hea^l,  wliieh  i§  at- 
tached to  the  dnodenumj  a  bodVj  and  a  pointed  extremit)^ 
which  ig  in  clo^e  relation  to  the  hilum  of  the  spleen.  Its 
average  weight  is  from  four  to  five  ounces ;  its  length  h  nlnmi 
seven  inches ;  its  greatest  breadth  abtmt  an  mch  and  a  half ; 
and  its  thickness  three-<inartenj  of  an  inch.*  It  lies  beliin«l  the  j 
peritoneum,  which  covers  only  ita  anterior  Burtace* 

According  to  Bernard,  wlio  has  made  uumeroiL^  tnve^tiJ 
gations  into  the  anatomy  of  this  gland,  there  are  m 
always,  in  the  human  subject,  two  ducts  opening  into 


'  Htde  Salter,  Cifdepetdm  of  Analem^  and  Pkytiol*^^^  Loaidan,  ]t4P,i 
T*,  iupplemeot,  p.  6a.  J 
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duodeiiiim ; '  one  which  opens  in  coinnjon  with  the  ductus 
TOmmunischoledochuB,  and  one  which  opens  ahout  au  inch 
above  the  main  dtict,  called  by  Bemai'd  tlie  mmrreBt  or  ae- 
ceaaory  dnct.  The  niahi  duct  is  about  an  eighth  of  an  inch 
in  diameter,  and  extends  along  the  body  of  the  gland,  be- 
coming lai^er  m  it  approaches  the  opening.  The  isecond 
duct  is  smallerj  and  becomes  diminished  in  caliber  as  it  neai'S 
the  duodenunu  Many  anatomists  describe  but  a  single  duct^ 
regarding  the  other  as  anomalous.  The  dissections  of  Ber- 
nard, however,  wero  very  numerous,  and  show  the  almost 
constant  occurrence  of  two  ducts/ 

In  general  appearance  and  minute  structure,  the  pancreas 
is  like  the  parotid  and  submaxillary  glands.  By  the  older 
anatomists  it  was  known  as  the  abdominal  salivary  gland/' 
on  Eccount  of  tliis  resemblance  in  Btructure  and  an  assumed 
similarity  in  the  nature  of  their  secretions,  Eecent  develop- 
ments in  the  pliysiology  of  the  pancreatic  juice  have  caused 
this  name  to  be  discarded. 

It  is  only  since  it  has  been  established  by  Bernard  that 
one  of  the  most  important  of  the  properties  of  the  pancreatic 
Juice  is  it&  power  of  emulsify ing  liquid  fats,  that  tlie  experi- 
ments of  the  older  physiologists  on  the  pancreas  have  assumed 
any  great  interest.  In  the  elaborate  work  of  Longet,*  is 
a  long  quotation  from  Regnema  de  Graat^  showing  that  tliia 
physiologist  collected  fluid  from  the  pancreas  in  a  living  dog, 
in  1662<   Following  De  Graaf,  there  were  others  who  adopt- 

'  BwuiABn,  Mhnmre  ^ur  k  Pftncrim,  Pupi?,  1866,  p.  9.  The  fnct  qf  the  al- 
tDOfft  conitant  exlBtenco  of  two  pitniMmth  ducta  in  the  humao  subjoct  h  nw 
nM!0>giiiifd  hy  ievcrml  anatomi^ti.  Sappcy^  ont  of"  siite^^ti  diAst^ctioDs  of  the  hu- 
mm  {mncresis,  found,  in  one  instance^  a  inppleineiit»rj  duct  whloli  had  no  com- 
&iuiJci.iion  vtiti  the  dtiodenom,  so 'thai  k  waa  really  m  this  hut  a  braDch  of 
the  mkiu  duct,  la  all  other  in^tivnceSf  th*?pe  were  two  ducL^^  as  described  hj 
^Taaid.-^7yai(id*Ahai&mU  Drncrfpiive,  Patb,  1857,  totns  ili.,  p.  248.) 

*  In  dop  md  to  lutuy  oth<*r  rinimaU,  two  ductfl  eiisi ;  »o  that  both  roiisi  he 
%it«d  wheti  h  \&  desired  to  shut  oQ"  the  pancreatic  gecretioa  from  the  infest  int. 

■  Losarr,  Trmt^  de  Fhtfaidogie^  Paris^  1S68|  toTae  I,  p.  30L 


ed  the  frame  metlioii  of  experiraeotatioTi*  Tlie  operative  pro* 
cedure  consisted  simply  in  making  an  incision  into  th€  aV 
f]ominal  cavitv,  tjiug  the  intefitine  near  tlie  pylorus  and  a 
little  distance  below  the  opening  of  the  pancreatic  dect^ 
opening  the  canai^  and  introdndng  a  dnck^g  qnill  into  the 
orifice  of  the  pancreatic  duct.  By  arranging  a  little  \Hal  in 
such  a  position  that  flidd  woidd  drop  into  it  from  the  qniU, 
De  Graaf  collected  in  this  way  from  a  dog,  two  drachmg, 
and  even  half  an  ounce  of  fluid  in  seven  or  eight  hour^  The 
fluid  thus  obtained  was  sotnetimes  acid,  very  often  acid  and 
salt,  and  sometimes  nearly  insipid.  Though^  as  hm  been  ao 
conclu&iTely  shown  by  Beniard,  the  experiment  of  De  Grsad 
WBM  nearly  correct  in  principle,  the  fluid  which  he  called 
pancreatic  juice  lacked  the  constant  and  necessary  propefty 
of  the  normal  secmtion,  namely,  alkalinity** 

It  is  not  necesf ary  to  detail  the  observations  of  all  those 
who  J  since  De  Graaf,  have  obtained  fluid  purporting  to  be  pan- 
creatic juice.  Most  of  the  early  observations  on  this  eubjcel 
were  made  with  a  view  of  proving  either  that  the  seererion 
of  tlie  pancreas  was  or  was  not  identical  with  the  iali^, 
and  have  no  immediate  bearing  od  out  knowledge  of  the 
true  function  of  this  organ.  Hageudie  repeated  the  exj>eri- 
nient  of  De  Gratify  but  did  not  succeed  in  obtaining  any 
fluid-  He  operated  by  simply  exi>osiDg  the  orifice  of  the 
pancreatic  duct  and  collecting  with  a  pipette  a  few  drops 
of  liquid  as  it  flowed*    He  obtained  thus  only  a  small  qnan* 

Xatura  ei  deu^  Lugd,  fiatHToruDi,  Ex  Offichia  Haeki.'ui^,  HiL  In  iMm  qiirittot 
and  int^re&liltg  treatiee,  which  i&  qtiltc  dsbumtc,  the  A&Atatnicftl  [liTaolcri  of 
the  pfi]]creas  are  mmutely  described,  ihe  opinioiii  of  vuiooa  toCbon  eottfitffirfwt 
\ts  ufe«  are  disouefled,  e^tpcrimGnla  to  oblda  the  pancreatic  juioe  are  dtlalltti 
with  great  £&r«,  tud  the  properties  of  the  fluid  in  health  and  (^Maae  art  fallr 
eoDsidcTvd.  The  whole  h  iilastnited  with  a 'number  of  eEceQent  fst^grmTio^ 
The  proc«aa  for  ob taming  the  pancrc^tie  jmc«  m  cio^elj  reiienibteQ  llwl  tsBr 
plojed  lit  the  pft^nt  dtiy,  that  it  i£t  surpri^iiug  that  the  nonnal  fluid  wm  not  fvih 
enrad.  Thuit^ih  De  Gr^f  indicated  yery  nearer  the  proper  wmj  to  oblila  pm- 
creatie  jmce  ivom  a  living  aQunal^  he  derelopfid  Uttle  or  nothing  conomii^  In 
prO[>€iii  ii  and  fuDCtlooa. 
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titTj  but  enough  to  de term  me  its  alkaliue  reaction  and  ita 
partial  coagulability  by  heat.'  In  1824^  Lenret  and  Las- 
j^^atgne  obtained  a  considerable  t^uantity  of  pancreatic  jiiiee 
from  the  horse,  by  incising  the  abdorneii,  exposing  tlie  ductus 
communis  choledochus  with  the  pancreatic  duet,  and  iutrodu- 
fring  into  the  latter  a  gum-elastic  tube,  which  was  secured  in 
place  by  a  ligature.  They  found  tlie  fluid  alkaline^  and  made 
an  analysis  of  it,  which  is  now  quoted  in  many  worha  on  phys- 
iologj".  The  digestive  properties  of  the  secretion  were  not 
ol^rveih'  Tiedemann  and  Gmelin  obtained  fluid  from  the 
pancreatic  duct  of  a  dog,  by  drawing  out  the  duodenum  and 
pHnereas  by  an  opening  into  the  abdtmien,  an^l  introdueiug 
into  the  duct  a  small  gltm  tube.  In  this  way  they  collected 
a  little  over  one  hundred  and  fifty  grains  in  four  hours.  The 
first  few  grains  of  fluid  were  reddish  and  bad  an  acirl  reac- 
tion. The  greater  part  was  clear  and  faintly  alkaline,  tbis  re- 
action, however  being  attributed  U>  a  change  in  tlie  secretion, 
owing  to  the  suflerings  of  the  animal'  These  authors  give 
no  idea  of  the  physiological  properties  of  the  fluid. 

The  above  represents  the  state  of  the  science  concerning 
the  function  and  properties  of  the  panei'eatic  juice  prior  to 
IS-tOj  when  Bernard  first  made  hie  experiments  on  this  sub- 
ject Not  only  was  the  function  of  the  pancreas  unknown, 
bat  the  ideas  conceming  the  composition  of  the  pancreatic 
juice  were  vague  and  nncertahi  and  based  upon  contradict 
tory  ob^rvations,  Bernard  was  the  first  to  obtain  normal 
panoreatJC  juice  from  a  living  animal  and  give  a  definite 
idea  of  iU  properties  and  functions ;  a  fact  which  it  is  proper 
to  particularly  insist  upon,  inasmuch  as  since  his  discovery 

'  MxQKStmt^  Pritit  ^Umertiatjy  FhifSiKflo^^  Parli,  1SS6,  4  me  AdilioB, 
tome  ilt  p.  470.  Ati  meeouiit  of  tbig  oljs(?r(^iitioa  I0  ftlsa  ^Tea  in  a  preriaui 
edition^  whtch  nppf^mi  in  18 1 7^ 

J  f ^^oiV  tif  /ct  Biffesfi^^n,  PiriA,  1825,  p.  102  el  1*7, 

mifmmmr  'jt  Bi^alhtif  P^riJi,  1827,  premiere  partis',  p.  27  d  nq. 


some  liave  preteDded  tliat  the  facts  which  he  eetablidied  hud 
beeTi  demonstrated  before.*  The  following  method  for  col- 
lecting the  pancreatic  juice  from  a  liv^ing  animal,  one  which 
we  have  repeatedly  employed  with  eiiccesSj  m  e&senti&Uy  tb 
reeonimended  by  Bernard : 

The  annual  generally  employed  by  Bernard  in  theee  ex- 
periments J  a  the  dog.  Selecting  one  of  tolerably  laige  size, 
he  ij*  secured  to  the  operating  table,  and  placed  upon  hie  left 
side*  An  incision  trom  three  to  four  inches  in  length  m  then 
made  in  the  right  hypoc*hondriinn,  jnst  below  and  parallel 
with  the  border  of  tlie  la&t  rib.  The  parts  are  first  di%*ideil 
down  to  the  fascia  transverealifi  and  the  peritonenm«  An 
opening  ia  then  made  into  the  abdominal  cavity  about  half 
the  length  of  the  incision  through  the  stin  and  muscles; 
which  brings  to  view  the  dnodenmn  and  a  portion  of  the 
pancreas.  The  dnodenum,  with  the  pancreae  attached  to  it, 
is  then  earetidly  drawn  out  of  the  abdomen-  The  next  step 
is  to  introduce  a  small  cannla  into  the  principal  pancreatic 
duet.  In  the  dog,  there  are  always  two  pancreatic  ducts :  a 
small  one,  which  opens  into  the  intestine  at  or  near  the  open- 
ing of  the  bile-ducty  and  a  principal  dnct,  which  is  sitttateil 
about  an  inch  l>elow.  To  collect  the  juice^  tlie  tube  should  l>e 
introduced  into  the  principal  ducL  This  is  found  by  tnruing 
the  duodenum  and  panereafi  bo  as  to  expo^  the  p<i6terior  sur- 
face  of  the  ghind,  when  the  duct,  which  is  very  short  and  al- 
most concealed  by  the  tissue  of  the  pancreas,  may  be  seen 
obliquely  penetrating  the  intestinal  wall.  In  the  dog,  the 
pancreas  is  composed  of  two  portions ;  one^  called  the  ho  * 
zontal  portion,  which  h  attached  to  the  duodenum^  and  a  re 
tical  portion,  which  pas^  away  from  the  intestine  betwc" 
the  folds  of  the  mesentery*  The  duct  is  generally  Eitnated 
near  the  point  where  the  pancreas  ceases  to  be  attached  ta 
the  Intestine.    The  tij^ne  of  the  pancreaa  is  to  be  6 
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After  tbis  baa  been  aeeomplislied,  the  cannla  may  be 
steadied  by  attachiug  it  with  a  single  stitch  to  the  wall  of  the 
intestine.  The  stylet  is  now  to  be  withdrawn  and  the  parts 
ciireMly  returned  to  the  abdomen,  leaving  the  end  of  the 
cannla  projecting  at  the  anterior  portjcm  of  the  wound, 
which  should  now  be  earefullj  closed.  Bernard  recommends 
to  first  raise  up  the  fascia  and  peritoneam  with  hooks  and 
eareftilly  attach  their  edges  with  sutures ;  and  then  to  do^, 
in  the  same  way,  the  incision  in  the  mnsdes  and  int^^amant. 

The  atiinial  may  now  he  kept  upon  the  tahlej  and  the 
fluid  which  is  dischatged  from  the  tube  collected  in  a  te?t- 
tube,  or  a  thin  gtim-eli^c-hag  may  be  attached,  Tlits 
may  be  provided  with  a  stop-cock^  m  that  the  fluid  may  be 
drawn  off^  at  will. 

Like  the  ottier  digestive  fluidgj  the  pancreatic  juice  is  only 
secreted  in  abundance  during  the  process  of  digestion.  It  u 
therefore  necessary  to  feed  the  animal  moderately  aboitl  an 
hour  before  the  operation,  m  that  the  pancreas  may  be  in  fall 
activity*  Wljen  it  is  exposed  at  that  timcj  it  is  filled  with 
blood  and  has  a  rosy  tint,  contra&ting  strongly  with  its  pale 
appearance  during  the  intervals  of  digestion- 

In  performing  the  above  experiment,  it  is  generally  bett^ 
not  to  employ  an  anesthetic  agent,  as  this  very  freqnentJ^ 
prodnces  Tomiting,  arrests  digestion  for  a  time,  and  conee- 
qnently  interferes  with  the  secretion  of  the  panciBatic  jniesw 
This,  however,  is  not  always  the  case*  We  have  gometium 
pertbnned  the  operation  with  the  aid  of  ether  and  obtAined 
a  fair  amount  of  fluid.  It  is  alK*  necessary  to  avoid  tradioii 
npon  the  dnodenum  as  much  b&  possible,  for  this  is  almost  mr^ 
to  produce  Tomiting,  To  obtain  the  best  results,  tlie  o|ieni- 
tion  should  be  performed  rapidly  and  with  very  little  expo- 
sure of  the  pancreas.  In  some  very  sncce^inl  experimenti^ 
Bernard  has  obtained  from  sixty  to  one  hundred  grains  of 
Juice  in  an  hour^  from  a  dog  of  medium  size,' 
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Some  of  the  most  interesting  facts  developed  by  Bernard 
concerning  the  pancreatic  juice  relate  to  phenomena  con- 
nected with  its  secretion.    It  is  important  to  remember  that 
the  secretion  of  the  pancreas  is  entirely  suspended  during 
the  intervals  of  digestion.    This  fact  has  been  definitely 
settled  by  Bernard,*  and  can  easily  be  observed  by  opening 
animals  in  digestion  and  while  fasting.    In  the  first  instance 
the  pancreatic  duct  will  be  found  fiiU  of  normal  secretion, 
and  in  the  other,  it  will  be  almost,  if  not  entirely,  empty. 
Bernard  has  also  found  that  the  pancreatic  juice  begins  to 
flow  into  the  duodenum  during  the  first  periods  of  stomach- 
digestion,  before  alimentary  matters  have  begim  to  pass  in 
quantity  into  the  intestine. 

Anotlier  important  fact  determined  by  Bernard  is  that 
the  secretion  of  the  pancreas  is  readily  modified  by  irritation 
and  inflammation  following  the  operation.  When  we  come 
to  treat  of  the  general  properties  of  the  normal  pancreatic 
fluid,  it  will  be  seen  that  its  characteristics  are,  decided 
alkalinity,  viscid  consistence,  and  coagulability  by  heat.  It 
is  almost  always  the  case  that  a  few  hours  after  the  canula 
is  fixed  in  the  duct,  the  juice  loses  some  of  these  characters 
and  flows  in  abnormal  quantity.  With  respect  to  suscepti- 
bility to  irritation,  the  pancreas  is  peculiar ;  and  its  secretion 
is  sometimes  abnormal  from  the  first  moments  of  the  experi- 
ment, especially  if  the  operative  procedure  have  been  pro- 
longed and  difficult. '  That  the  properties  above  given  are 
characteristic  of  the  normal  pancreatic  secretion,  there  can 
be  no  doubt ;  as  in  all  instances,  fiuid  taken  from  the  pan- 
creatic duct  of  an  animal  suddenly  killed  while  in  full  di- 
gestion is  strongly  alkaline,  viscid,  and  coagulable  by  heat. 
This  excessive  sensitiveness  of  the  pancreas  hiis  rendered 
fruitless  all  the  attempts  of  Bernard  to  establish  a  permanent 
pancreatic  fistula  from  which  the  normal  juice  could  be 
collected.' 

>  Op,  eiL,  p.  48. 

*  A  number  of  physiologists  have  attempted  to  establish  a  permanent  com- 


Genend  Projyertteg  and  Compmitwn  &f  tiie  PmMrm^ 
Jwice, — In  all  tlie  inferior  animals  from  ivhicli  the  pwerefitie 
secretion  has  been  obtftined  in  a  normal  condition,  the  fioid 
has  been  found  to  present  pretty  uniform  characters.  It  is 
nscid J  slightly  opaline,  and  has  a  distinctly  alkaline  reaetiozu 
Bernard  ibund  the  specific  gravity  of  tiio  fluid  from  the 
dog  to  be  1,040.'  In  a  specimen  from  the  dog,  we  noted  % 
specific  gravity  of  IjOl^'l.  The  qn.nutity  of  organic  ntattcr 
which  the  normal  secretion  contains  ts  very  great,  so  thai 
the  fluid  is  completely  solidified  on  the  applieatioii  of  beat 
This  is  one  of  the  properties  by  which  the  normal  fluid  may 
be  distingnished  irom  that  which  has  undergone  altemtioii. 


Campodiim  qf  the  Pancrealic  Juice  of  the  £hy* 

Witcr    „   mtt  1 

Drgsnie  matter  predpitAblc  bj  alcohol,  wxnA  i  ^.  --^ 

f  ontumi^  alwav?  « lit  Ue  lime  (pincr^acine)  T 
i:^rb<]'nale  of  $oda, 
Glxloride  of  sodium, 
Cliioride  of  [idlaa^ftiaif 
Fboei^ljAtegf  lime,       J  1,000  1,000 


10  1 


Most  of  tbe  analyses  which  have  been  made  of  the  pao- 
creatie  fluid  are  not  to  be  relied  upon,  aa  the  manner  in  whidi 


mualeatioii  with  tbe  panoreatic  duct.  It  is  true  that  &  figtaU  mAj  \m  i 
in  Ihifl  dtundon  for  ftev^rol  dsj  A^  but  the  fiuid  wr  hkii  Is  collected  from  It  li  i 
»Uj  fttDonsftL  It  m  im  tliie  rmsou  tbjil  mme  ob4ervatioQ4  on  tbe 
th«  pancreatio  juice,  particularlj  cbo^  of  tho  Oemuo  pbjaiotcigifti|  mm 
to  tboM  ^  fienifrrd  ;  for  the  fluids  witb  which  thej  opented  wero  not  tlie 
CoUa  {TrmU  Fk^otcgu  Voniparif^  Puns,  1S54,  tome  i,  [v  ftSS)  Ism 
10  «  c%rum  eittnt  Auccessful  in  eetabliibiiig  tftolffi  in  uumik  of  tba 
specie9.  In  one  ioitsiioe  he  m^do  objerr&tioaa  on  the  f^w  of  tbe 
juice  in  a  joung  ox  for  dx  dajt.  According  to  Ihe  obMrrmtjona  of  GoliB,  fai  li 
oaiic«  where  ■  lobe  it  ititroducod  into  tbe  pancreatic  duct,  ukera^on  iMkm  fibet 
at  che  mie  of  the  ligature  aod  the  tube  folU  out  ili  or  eight  daja  ailcr  tlia 
ifation, 

»  Op,  €it,,^.  56, 

*  Bca]CAai>,  M/Tfwif0  ntr  U  /W^r^  Parii,  ISGfl,  p,  50*  The  amggfa 
?f  thii  table  ba^  beeii  altered  from  the  origmal  in  order  to  make  ft  ooTi^p 
«fth  ^e  Ubiea  of  the  compoailioD  of  the  other  dige«tiTe  flnida. 
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the  juice  was  obtained  sbowB  generally  that  it  was  not  nor- 
mat  There  is  no  doubt,  howeyer,  that  the  fluid  which  was 
obtained  from  the  dog  and  analyzed  by  Bernard  possessed  all 
the  characteristic  physiological  properties. 

The  chemical  properties  of  the  organic  principle  of  the 
pancreatic  jnioe  are  distinctive.  Though,  like  albumen,  it  is 
coagulated  by  heatj  the  strong  mineral  acids,  and  abeoltite 
alcohol,  it  diflera  from  albumen  in  the  fact  that  it&  dried  al- 
coholic precipitate  can  be  redissoh*ed  in  water,  giving  to  the 
solution  all  the  phy Biological  properties  of  the  nonnal  pan- 
isreiitic  secretion.  Bernard  has  also  found  that  pancreatine  iss 
coagulated  by  an  excess  of  sulphate  of  magnesia,  which  will 
coagulate  casein e  but  has  no  effect  upon  albumen.  It  is  itn- 
portant  to  recognize  this  distinction  between  pancreatine  and 
other  nitrogenized  principles,  especially  albumen,  from  the 
fact  that  the  last-named  substance  has  the  property  of  Ibrming 
an  emulsion  with  fats,  though  not  so  readily  and  completely 
as  the  pancreatic  juice  j  and  it  is  essential  to  decide  whether 
the  organic  principle  be  a  peculiar  and  distinct  substance,  or 
albumen  transuded,  pathologically  perhaps,  from  the  blood. 
There  can  be  no  doubt,  in  riew  of  the  marked  chemical  and 
physiological  peculiaritiea  of  pancreatine,  that  this  is  a  di?^- 
tinct  proximate  principle,  cliaracteristic  of  the  pancreatic 
secretion  and  found  in  no  other  fluid, 

Reeearches  have  likewise  shown  that  pancreatine  is  the 
€@e*ential  physioli^iciil  constituent  of  the  pancreatic  juice, 
and  the  only  one  which  gives  thia  fluid  its  peculiar  dige.'^tive 
properties.  The  contents  of  the  duodenum,  as  the  partly 
digested  matters  pass  from  the  stomach,  are  generally  acid ; 
but  this  does  not  at  all  interfere  with  the  action  of  the  pau- 
£reatic  juice.  Though  the  secretion  itaelf  is  alkaline,  it  re- 
tains it5  physiological  properties  when  it  has  been  rendered 
acid  by  admixture  with  gastric  juice/ 

The  inorganic  constituents  of  the  pancreatic  juice  do  not 
possess  any  great  physiological  interest,  inasmuch  as  they  do 

*  BsESAMtf  Memoirs  tur  k  Pantremf  Purie,  1866,  p,  6^, 


not  seem  to  be  ^sential  to  its  paeuliar  digestive  proi>eities. 
It  has  been  sbown,  indeed,  bj  Bemaixij  that  the  organic  prin- 
ciple aloiiej  extracted  from  the  pancreatic  juice  and  dis^lwl 
in  water,  is  capable  of  imparting  to  the  fluid  all  tlie  phjsit^ 
logical  charactei's  of  the  normal  secretion. 

The  entire  quantity  of  pancreatic  juice  secreted  iu  tlie 
twenty-fonr  hours  has  been  variously  estimated  by  different 
authors.  After  what  has  been  said  concermng  the  variation^ 
to  which  the  secretion  ii^  gtibject,  it  is  not  surprising  that 
these  e&riniates  should  present  great  differences,  Bernard 
Wiis  able  to  collect  from  a  dog  of  medium  size  from  eighty  to 
one  htmdred  grains  in  an  hour ;  *  but  it  mmt  be  remembered 
that  only  one  of  the  ducts  was  operates!  upon,  and  that  the 
gland  is  always  Tery  ensceptible  to  irritation.  There  is  no 
accurate  basis  for  an  estimate  of  tlie  quantity  of  pancreatic 
fluid  secreted  in  the  twenty-four  houiB  in  the  human  subject, 
or  of  the  quantity  necessary  for  the  digestion  of  a  detiiuitt 
amount  of  food. 

Unlike  tlie  gastric  juice,  the  secretion  of  the  pancff«iA, 
under  ordinary  conditions  of  heat  and  moisture,  rapidly 
undergoes  decomposition.  In  warm  and  stormy  weather  tbe 
alteration  is  marked  in  a  few  hours ;  but  at  a  tcmpermt 
of  trom  50*  to  70*"  Fahr»j  it  decomposes  gradually  iu  £^ 
two  to  three  days*  The  changes  which  the  fluid  thus  under- 
goes are  interesting,  from  the  fact  that  some  phjsiologiits, 
having  exj>eriiuented  with  an  altered  or  an  abnormal  se<»- 
tion,  have  failed  to  recognize  certain  of  the  charaeteristh* 
projjerties  of  the  normal  fluid/  As  it  thna  undergoes  decam* 
position,  the  fluid  acquires  a  very  offensive  putrefactive  wlor^ 
and  its  coagulability  diniiuisheSj  until  flually  it  is  not  afflicted 
by  beat.  The  alkalinityj  howeverj  increases  in  intensity ;  and 
•  L^.  cit 

1846^  Bd.  ui.,  E  848.  It  U  mted  by  this  author  tb«t  th«  [miicrcfttks  Juiee  4t>m 
not  emrildirr  f^tg  mor«  rcadil j  or  complelclf  than  man other  anim&l  Tlw 
jnlve  wbkh  ha  ms^  waa  undoubtedly  abnoriDal,  as  it        not  constable  1^ 

heal. 
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when  neutralized  with  an  acid,  there  is  a  considerable  evo- 
lution of  carbonic  acid ;  which  does  not  occur  in  fresh  pan- 
creatic juice. 

A  reaction  peculiar  to  decomposed  pancreatic  juice  is 
described  by  Bernard.  On  the  addition  of  a  small  quantity 
of  chlorine-water,  a  red  color  is  produced  which  disappears 
in  an  excess  of  the  reagent.*  The  color  is  intense  in  propor- 
tion to  the  extent  to  which  decomposition  of  the  organic 
matter  has  advanced ;  except,  however,  when  the  process  of 
putrefaction  has  arrived  at  its  last  degree,  when  the  exces- 
sive alkalinity  interferes  with  the  reaction,  and  the  color 
only  appears  when  the  fluid  has  been  neutralized  with  an 
acid.' 

Action  of  the  Pomcreatic  Juice  in  Digestion, 

It  is  only  since  the  observations  of  Bernard,  in  1848,  that 
the  pancreatic  juice  has  been  regarded  as  a  fluid  of  any  great 
importance  in  digestion.  It  has  now  been  demonstrated, 
both  by  cases  of  disorganization  of  the  pancreas  in  man,  and 
by  experiments  on  animals,  in  which  the  tissue  of  the  organ 
has  been  destroyed,  that  the  pancreatic  juice  is  essential  to 
digestion  and  to  life ;  animals  dying  of  inanition  when  its 
function  has  been  abolished. 

The  most  striking  feature  in  the  discovery  made  by  Ber- 
nard was  the  action  of  the  pancreatic  juice  in  the  digestion 
of  fats ;  it  being  shown  that  these  principles  are  acted  upon 
almost  exclusively  by  the  pancreas,  and  that  they  pass 
through  the  alimentary  canal  undigested  when  this  organ 
has  been  destroyed.  For  this  reason,  probably,  the  action  of 
the  pancreas  in  the  digestion  of  fatty  substances  has  received 

'  Bernard,  op,  cU.,  p.  57. 

'  This  reaction  with  chlorine  was  observed  by  Ticdcmann  and  Gmclin  {Re- 
€ker^u9  ExpfrimeniaUa^  etc.,  Paris,  1827,  tome  i.,  p.  41);  but  these  authors  ro- 
girded  it  as  one  of  the  properties  of  the  normal  secretion.  Bernard  does  not 
aasume  to  have  been  the  first  to  observe  the  peculiar  color  produced  by  chlo- 
rine, but  simply  to  have  pointed  out  the  fact  that  it  occurs  in  the  decomposed, 
ind  not  in  the  normal  secretion. 
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an  tindite  promlnenee ;  and  its  aedon  upon  other  articles  of 
tbodj  though  not  at  the  present  daj  overlooked,  does  not 
always  receive  proper  consideration.  We  simll  fiiid  that  the 
panereatic  juice  has  aa  important  action  in  the  digestion  of 
ne^ly  all  the  alimentary  principles  thej  pasB  out  from  the 
Btomach. 

Aciim  v^m  -feii*.— Even  before  the  publication  of  Ber- 
nard*s  researches,  it  was  pretty  generally  admitted  that  the 
digestion  of  fat  consiited  in  its  minute  subdivision  and  sus- 
pension in  the  form  of  an  emukion.  This  view  was  adopted 
from  the  fact  that  during  the  absorption  of  fats  from  the 
intestinal  canal,  the  lacteala  and  thoracic  dud;  always  eoBtain 
innumerable  small  fatty  globules;  but  the  ideas  of  physiolo- 
gists as  to  the  particular  §nid  by  which  the  emtikification  of 
fats  is  accompUished  were  not  very  well  eettlecL  The  most 
generally-received  opinion,  however^  was  that  this  was  effect* 
ed  by  the  bile ;  but  experiments  on  this  subjeet  were  very 
contradictory.  The  observations  of  BrodiCj  confirmed  by 
Mayo,*  seemed  to  show  that  ligation  of  the  bile-duct  pre- 
vented the  formation  of  white  chyle ;  while  the  experiments 
of  Magendie  led  to  a  preciisely  opposite  conclusion/ 

Eberle^  the  author  of  a  treatise  on  digestion  published  ia 
1S34,'  who,  it  will  be  remembered,  prepared  an  artificial 
gastric  juice  by  macerating  in  water  the  raucous  membrane 
of  the  stomach,'  adopted  the  same  method  in  preparing  &n 
artificial  pancreatic  fluid.  He  made  a  niiniber  of  expert* 
ments  ^*4th  a  fluid  prepared  by  infusing  finely -divided  por- 
tions of  the  pancreas  of  the  ox  in  pure  water.  The  rcsidb 
of  his  experiments  with  this  fluid  upon  the  fats  foreshad- 
owed the  discovery  of  Bernard,  though  they  cannot  justly 

*  MayOi  OudifUit  of  B'itman  Fh^iolog^^  London,  152t|  p.  106. 

^  MjiCK?fDi^  iVIciv  ^UmmUiirc  de  PhyMo^  Farts,  1836,  tome  [I,  p.  11& 

Bdw«fdi  rotbrt^  tn  edilloD  of  tliis  work  b««rmg  tbe  dftie  1334.  Tbe  edlttcin  of 
iSW  h  vpparentJj  nothing  more  thin  m  TcprinL 

*  Scr  I  tape 
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be  said  to  have  aDticipatad  it>  The  following  is  the  experi- 
ment desmbed  bj  Eljerle :  Artificial  pancreatic  fluid 
ndxed  and  shaken  up  with  a  drop  of  oil,  and  presently 
ed  the  appearance  of  an  emulsion j  but  after  repobe 
ievenil  snaall  oil-drops  again  presented  themselvesj  which 
app^ed  to  have  lost  little  or  none  of  their  cleamesB  and 
trangparency.  However,  when  more  oil  was  added,  and  the 
inixtore  shaken,  receiving  the  warmth  of  the  hand^  it  then 
became  an  opaqucj  yellowish- white  fluid,  frora  which,  after 
repose,  considerable  oil  separated  on  the  surface.  But  this 
oil  was  itself  white  and  opaquej  and  so  finely  subdivided,  that 
it  printed  a  creamy  appearance,  and  the  remaining  fluid 
did  not  again  become  clear* 

Consequently  the  pancreatic  juice  is  capable  of  taking 
tip  fiit  in  a  very  finely  subdivided  condition  and  thus  forming 
a  sort  of  emulsion,"  ' 

The  opinion  thus  advanced  by  Eberle  was  a  mere  conjec- 
ture, based  upon  the  behavior  of  an  artificial  fluid  which  had 
not  been  proven  to  pos&esa  the  properties  of  the  normal  pan- 
creatic eecretion-  Though  these  passages  are  quoted  by  Lon- 
get  *  as  proof  that  Bernard  did  not  discover  the  i  unction  of  tlie 
pancreas,  it  must  be  acknowle«iged  that  they  liear  no  more  rela- 
tion to  the  discovery  as  established  by  positive  demonstration, 
than  do  the  sayings  of  Servetusj  Cuhimbo,  or  Ce^slpinuSj  to 
the  demonstration  of  the  circulation  of  the  blood  by  Harvey. 
Eberle  did  not  obtain  the  secretion  of  the  panereaSj  and  the 
emnUion  which  he  formed  with  his  artificial  fluid  was  mani- 
festly  very  imperfect,  Farthermore,  the  experimental  basis 
for  Ins  views  was  so  slight  that  his  observations  are  not  even 
tneotioned  in  the  works  on  physiology  published  at  that 
time,  save  in  one,  where  they  receiveii  merely  a  ptisslng  al- 
lusion/ It  is  only  since  the  function  of  the  pancreas  has  been 

LosGiTf  Tmiti  de  Fh^ioiagk,  ParK  ISOS,  Ume  I,  p.  806. 
■  [jDiOST  iioc  at)  fltAtea  tbai  Itie  opiniom  of  Eberle  seems  to  faftve  bem 
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demotiigtratM  by  Bernard^  and  hM  obser radons  hare  been  so 
widely  corroborated  that  it  is  now  regarded  as  an  establkhed 
feet,  that  earlier  publications  on  tliia  object  have 
any  interest  or  importance. 

With  the  exception  of  the  above-mentioned  obeen^atioiw 
of  Eberle,  nothing  definite  had  been  ascertained  concerning 
the  digestion  of  fats  ajiterior  to  the  experiments  of  Bemari* 

One  of  the  most  remarkable  fa€t8  observed  Ijy  Bernard 
was  that,  in  the  rabbit,  after  the  ingestion  of  fatty  matten^ 
Teeeeb  filled  with  white  chyle  do  not  make  their  appearance 

nine  rottimej,  with  ai2Jili<ms  bj  E.  Burdncb,  DielTenb&cb,  Majov  J.  MfiUtf, 
Rutlike,  Siehold,  VaJentjEi,  and  Wagnef. — ( Traiti  de  Hi^fhie^  txmmdirit  t^mtm 
Siiemx  d^Obmv^fiam,  tind,  ptr  Jounkitj  Paris,  1837-lMl,)  ThM  work  h 
nt^inljr  «  crapiktioti  of  the  t^hy^o^og^cal  Utemturo  of  the  d^f^  drnrg 
froiu  the  denniui.  In  voh  Ix.^  p.  380,  wMch  la  referred  to  hj  Longel^  Eoidkeb 
t|u(it6ii  two  1mm  fitim  £l>erlef  saying  that  according  to  Eberte,  it  (the  pttim- 
itic  juice)  i«rvet  beiided  to  dilate  ibe  faf^  and  to  reduce  if  lo  the  Ibm  of  «s 
emiilfifot) ;  ■  great  part  of  it«  oomstitiieQt  prindples  pM  bI^o  iala  th«  cb 
But  hi  the  preTious  pago  (370)  ha  has  the  fallowing  paragraph  : 

**  We  have  even  leas  knowledge  of  the  effecla  of  the  pancreatk  juioe 
of  thfx^p  uf  the  bile.  Ebede  pipfosea  that  it  is  aualogotis  to  the  intaatiiial 
bf^tiae  the  pdnct^eaa  ui  a  caotinaatioD  of  the  IntestiEieL  But,  In  MMoiog 
th\i  mAuacr,  one  wonld  have  fully  a£  mmh.  fo^indatioii  for  Bajmg  the  aanit 
of  the  bile.  Aod  when  Eberle  attributes  to  it  the  effects  which  he  haa  tvmiffcfil 
in  the  pancreatic  juice  ortlficiallj  imitaied,  by  that,  he  gi?e9  a  rerf  feeble  hiiii 
to  hU  theory,  which  fortooatdy  contains  nothing  ia  particolar.*^ 

the  above  constituted  about  the  only  mention  whlcsb  w  made  of  tlie  tibam 
f itkmt  of  Ebvrlc,  ev^  m.  German  wotIea,  it  ii  verj  easy  to  af^jreciate  tiM  Ctala 
til  knowledge  conceming  Ihe  fboctioii  of  the  pancreas,  anterior  to  the  c^cf^ 
iiii?nU  of  Bernard ;  and  it  a  not  anrpHsiitg  that  he  ahould  have  been  ignOfiat 
of  theae  txpcrimeiitat  which  hare  been  only  quoted  aimx  hid  dSBcor^ry  baa  late 
iio  profobieot  i  pkce  in  fldence. 

'  These  experiments  were  commenced  in  ttie  winter  of  IMd^  and  wm  fir^ 
pufdiclj  announced  in  the  year  IS48|  In  a  communicatkiti  to  the  Society  of  Bkdkigy 
of  Piari».  They  were  iuhs^qutmtly  made  the  Mibject  of  a  tnemoir  wbidb  Kcdifl 
the  priie  of  th«  Academy  of  Scteocefi,  in  1 SGQ,  A  f^H  account  of  all  th«  reatiajehM 
of  Bernard  upon  tbi^  subject  is  contatued  in  his  Mhmrt  gmr  It  iVfurr^sM^  FlfeHa, 
Tlie  reaulta  of  hU  experiments  are  also  oontiuned  in  bis  XifM  siir  la 
Phi^ioloffic  Erpifimmtale,  Piris,  IBM,  and  in  the  Xrpaw*  mrim  Ft^tpriMk^l^ 
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at  the  commencement  of  the  small  intestine,  as  in  other 
animals,  but  are  first  seen  from  twelve  to  twenty  inches 
l)elow  the  pylorus.  The  anatomical  peculiarity  in  these  ani- 
mals is  that  the  pancreatic  duct,  instead  of  opening  into  the 
intestine  with  the  bile-duct  at  the  upper  part  of  the  small 
intestine,  has  its  opening  from  twelve  or  twenty  inches  be- 
low ;  just  at  the  point  where  the  chyliferous  vessels  are  ob- 
served. This  fact,  which  we  have  frequently  confirmed,  points 
directly  to  the  pancreatic  juice  as  the  agent  principally,  if  not 
exclusively,  concerned  in  emulsifying  the  fats ;  while  it  shows 
tliat  the  bile  possesses  little  or  no  immediate  efficiency  in  this 
regard. 

Following  out  this  line  of  inquiry,  and  operating  with 
fresh,  coagulable  pancreatic  juice  and  the  liquid  fats,  or 
those  capable  of  being  liquefied  by  gentle  heat,  it  was 
found  that  slight  agitation  of  this  fluid  with  the  fats  pro- 
duced a  very  fine  and  permanent  emulsion,  similar  in  every 
respect  to  the  milky  fiuid  found  in  the  lacteals  during  di- 
gestion. In  fact,  comparative  analyses  of  the  lymph  and 
chyle  have  shown  that  the  latter  liquid  is  nothing  more  than 
lymph,  with  the  addition  of  fatty  emulsion.  As  soon  as  the 
absorption  of  fat  is  completed,  the  lacteal  vessels  lose  their 
opaque  white  contents,  and  carry  nothing  but  colorless  lymph. 
This  is  one  of  the  great  experimental  facts  upon  which  is 
based  the  view  that  the  pancreatic  juice  has  the  property 
of  digesting  the  fats.  Concerning  the  accuracy  of  this  obser- 
vation there  can  be  no  doubt.  The  fact  has  been  so  fre- 
quently confirmed,  that  it  must  now  be  considered  as  estab- 
lished beyond  question ;  and  we  can  add  om*  testimony  to  its 
accuracy  from  personal  observation.  It  is  true  that  some  of 
the  German  physiologists  have  been  unable  to  confirm  these 
experiments ;  *  but  by  carefully  following  out  the  process  in- 
dicated by  Bernard,  which  is  detailed  with  great  care,  we 
have  invariably  found  his  observations  to  be  correct.  It 

'  Lehmann,  Phytiologieal  ChmUtiryy  Philadelphia,  1856,  vol.  i.,  p.  SOiV, 
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k  well  known  that  many  of  the  German  experimenters  op- 
erated with  pancreatic  juice  which  was  not  ooagalable,  fttid 
which  Bernard  regards  as  abnormal  and  incapable  of  digest 
ing  fat.  With  regard  to  the  observation  npon  the  laeteak  of 
the  rabbit  J  by  following  ont  carefully  the  directions  giTen  by 
Beraardj  and  injecting  into  the  npper  part  of  the  intestine 
thifl  animal  a  em  all  quantity  of  a  solution  of  fat  in  ether^  we 
have  seen  the  lacteaJs  appear  just  at  the  orifice  of  the  pam- 
creatic  dnct  and  b^low  it,  while  they  were  absent  above.' 

The  pancreatic  juice  is  the  only  one  of  the  digesti^^e  fioidi 
which  is  capable  of  forming  a  complete  and  permanent  emal- 
eion  with  fats.  The  fact  that  the  otlier  digestive  fluids  will 
not  accomplish  tliis  is  easily  demonstrated  as  regards  salira, 
gastric  juice,  and  bile.  The  intestinal  jnice  is  tbea  the  only 
one  which  might  be  supposed  to  have  this  property*  The 
observations  of  Busch  on  this  point,  in  his  ease  of  intestinal 
fistula,  are  conclusive.  He  found  that  fatly  matters  taken 
into  the  stomacb  were  discharged  from  the  npper  opening  in 
the  intestine  in  the  tbrm  of  a  fine  emulsion,  and  were  nem 
recognizable  as  oil ;  but  that  fat  introduced  into  the  lower 
intestinal  opening  was  not  acted  upoH,  and  was  disehaf^ged 
unchanged  in  the  fieces/ 

Another  pecnliarity  noted  by  Bernard  in  the  emuUioti 
resulting  from  the  action  of  pancreatic  jutee  upon  fata  is  that 
it  persists  when  dilntetl  with  water,  and  will  paas  through  & 

'  It  has  h^n  sihown  bj  Bernard  that  ether  h  ooe  of  th«  mom  pontriy  tB^ 
dt&ntfi  of  Ibe  p&ncrcatic  eecretign;  and  couaequeuttj  wties  5it  m  soltiliaB 
ether  b  introdueed  into  tlie  jotcstinal  c«]ui1,  the  secraUon  Is  pourevl  out  in 
daciee,  ftad  itie  fat  is  tmmediitel^  emulafied. — (Le§^  tur  tm  4ti 
flmoef  Tmi*^  ei  Mtdicamenima,  Farla^  1867,  pp,  417,  411.) 

The  obBerratioQs  of  Bernard  upoa  ribbita  were  fullj  coafinjied  In  a  iffii» 
tut  experiments  performed  under  the  direction  of  PrtC  Sutnuel  Jackjon,  of  Phlb* 
delphia.  He  fed  ibcsc  animoJs  frith  fat  and  7egeUhle»  lit  the  wmj  lDdliaUi4 
bj  Benurd,  and  never  saw  the  lacteali  fully  injeeted  aUh  chtte  at>0Te  thi$  ppifc 
\ng  of  the  p&ncreaUc  daci — {Am^icam  Jimrmd  of  the  Medi^  S^tium,  October, 

•  Busm,  in  TTiBcnow's  ArtAw,  Berlin,  185S,  Bd.  xTr.,  S.  liS,  IT«;  ttd 
Ameriean  Jmrml  of  ike  M^Mtal  Seimtm,  Julj,  IMQ,  pp.        2  m 
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moistened  filter  like  milk.  This  does  not  take  place  in  the 
imperfect  emnlsion  formed  by  a  mixture  of  oil  with  any 
oUier  of  the  digestive  fluids. 

Although  the  normal  pancreatic  juice  is  constantly  al- 
kaline, this  is  not  an  indispensable  condition  as  regards  its 
peculiar  action  upon  fats ;  for  the  emulsion  is  none  the  less 
complete  when  the  fluid  has  been  previously  neutralized 
with  gastric  juice. 

Bernard  has  shown  that  the  pancreatic  juice  and  the  tis- 
sue of  the  pancreas  have  the  property  of  saponilying  fats,  or 
decomposing  them  into  a  fatty  acid  and  glyuerine,  and  that 
this  property  is  not  possessed  by  any  other  tissue  or  liquid 
of  the  economy.*  The  question  naturally  arises,  then,  whether 
this  be  an  accidental  property  of  the  tissue  and  the  secretion 
of  the  pancreas,  or  whether  partial  saponification  of  fat  take 
place  in  digestion.  Concerning  this  point  there  is  no  dif- 
ference of  opinion  among  physiological  chemists.  The  fat 
which  is  contained  in  the  lacteal  vessels  is  always  neutral ; 
and  the  absence  of  any  fatty  acid  has  been  recognized  by 
Bernard,  as  well  as  by  others.  The  inevitable  conclusion  to 
l)e  drawn  from  this  fact  is,  that  while  fat  may  be  in  part  de- 
composed into  an  acid  and  glycerine  by  the  pancreatic  juice, 
out  of  the  body,  in  the  natural  process  of  digestion,  either 
this  does  not  take  place,  or  the  acid  is  not  absorbed  by  the 
lacteals.  The  greatest  part,  if  not  the  whole,  of  the  fat 
which  is  digested  in  the  small  intestine  is  simply  formeil 
into  an  emulsion  by  the  pancreatic  juice,  and  luidergoes  no 
chemical  alteration.  * 

To  complete  the  experimental  evidence  of  the  action  of 
the  pancreatic  juice  in  the  digestion  of  fats,  Bernard  at- 
tempted to  extirpate  or  destroy  the  pancreas  in  a  living  ani- 
mal. This  he  found  very  difficult.  All  attempts  to  extir- 
pate the  organ  with  the  knife  being  unsuccessful,  the  injec- 
tion of  foreign  matters  into  the  duct  was  resorted  to.  After 
a  great  number  of  unsuccessful  experiments,  in  two  in- 

*  Bkrnard,  op.  eii.y  p.  94  sfq. 
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stan^,  the  functions  of  the  gland  were  euspended  for  a 
time,  and  its  tissue  was  pailly  destroyed  by  tlie  iiijectioD  of 
melted  tmllow.  In  both  of  these  observations,  tb©  effects 
upon  digestion  were  Ter>"  marked.  Though  tlie  uppettte 
was  voracioui^j  the  animal g  became  gradually  emaciatfid^ 
and  the  fseces  contained  a  large  quantity  of  rancid  otidi- 
gested  fat.  At  the  same  time,  other  alimentary  principlo&j 
Incompletely  digested,  were  recognized  in  the  discharges  In 
two  dogs  operated  upon  by  Bernard,  in  which  the  es|*eri- 
ments  were  Bue^^essful,  the  imtrition  and  Uie  alvine  diselmi^ 
tieciame  normal  at  the  thirteenth  and  the  seven! eentli  day. 
After  the  animals  had  completely  recovered,  they  were  killed^ 
and  the  paticreae  in  botli  instances  waa  found  partially  de- 
stroyed.' 

Now  that  the  action  of  the  pancreatic  juice  upon  fats  h 
so  well  understood  J  it  is  a  matter  of  surprise  that  the  cBsm 
of  fatty  diarrhoea  connected  with  disoiganization  of  the  pan- 
creas, which  were  reported  by  Dr,  Richard  Bright,  in  1833^' 
did  not  direct  the  attention  of  physiologists  to  tlie  function 
of  this  organ.  These  ca.^es,  with  others  of  a  simihir  charac- 
ter which  have  been  reported  fitjm  time  to  time,  ai*e  now 
brought  forward  as  strong  evidence  of  the  action  of  the  pan- 
creas  in  the  digestion  of  fats.  Many  of  them  presetiteci  a 
train  of  Bymptoms  analogous  to  those  observed  in  animak 
after  partial  destruction  ol'  the  gland.  The  preeence  of  fat 
in  the  alvine  dejections  was  most  marked ;  and^  as  is  now 
well  known,  this  could  be  nothing  but  the  undigested  faUv 
principles  of  the  food.  In  the  three  cases  observed  by  Bright, 
the  pancreas  was  found  so  disorganized  that  its  secret! nj? 
function  must  have  been  almost,  if  not  entirely^  al»olisheil. 

*  BntNiBDi,  Mimoirt  mr  k  Panerioi^  P^rk,  1868,  pp.  17  iii  J  69. 

*  B&iGBT,  Cissft  and  Ot§srtmli&m  connfHfd  with  J>mam  iht  i^met^  and 
Duodenum. — Mfediat-Chiitvrffk^  TtsmctioH*,  Londmi,  liSS,  voL  xrtlL,  fn.  I  «f 
mq.  In  (tie  9&me  volume  (p.  57)  m  a  cas^  of  jfttmdtco  with  S$chu^  of  Iktty 
matter  from  the  bowels  and  n  cot]triu?te<l  itite  or  the  duodenam,  i^iartf^  bj 
B,  A.  Uojcl,  Esq,,  «id  ftitl  u)othcr  case  of  the  Mmc  chiratter  k  refarttd  bj 
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In  the  case  reported  by  Mr.  Lloyd,  the  condition  was  the 
same ;  and  in  the  case  reported  by  Dr.  Elliotson,  "  the  pan- 
creatic dnct  and  the  larger  lateral  branches  were  filled  with 
white  calculi."  Another  interesting  case  of  disease  of  the 
pancreas  is  detailed  in  the  catalogue  of  the  Anatomical  Mu- 
eeum  of  the  Boston  Society  for  Medical  Improvement,  1847. 
In  this  case  it  was  observed  by  the  patient  that  fatty  dis- 
charges from  the  bowels  did  not  take  place  unless  fatty  ar- 
ticles of  food  had  been  taken.  After  death,  a  large  tumor 
was  found  in  the  situation  of  the  pancreas,  but  all  trace  of 
the  normal  structure  of  the  organ  had  been  destroyed.* 

Many  more  cases  of  this  character  are  quoted  by  Ber- 
nard and  others,  ^nd  they  fully  confirm  the  observations  and 
experiments  which  have  been  made  upon  the  lower  animals  * 
They  all  seem  to  show  that  the  function  of  the  pancreas  in 
digestion  is  essential  to  life,  but  that  one  of  the  chief  dis- 
orders in  digestion  incident  to  the  destruction  of  this  gland 
relates  to  the  digestion  of  fats. 

Taking  into  consideration  all  the  facts  bearing  upon  this 
sabject,  the  conclusion  is  inevitable  that  the  chief  agent  in 
the  digestion  of  fats  is  the  pancreatic  juice ;  and  that  this 
fluid  acts  by  forming  with  the  fat  a  very  fine  emulsion,  thus 
reducing  it  to  a  form  in  which  it  can  be  absorbed.  How  far 
the  bile  may  assist  in  this  process  is  a  question  which  will 
oome  up  for  consideration  hereafter ;  but  the  facts  with  re- 
gard to  the  pancreatic  juice  are  conclusive.  In  making  this 
unqualified  statement,  it  is  not  intended  to  ignore  the  experi- 
ments of  some  of  the  German  physiologists,  which  have 

'  A  Descriptive  Caialoffue  of  the  Anatomical  Museum  of  the  Boston  Sorictp 
for  Medttal  Improvement,  Boston,  1847,  p.  174. 

'  Dr.  John  H.  Grisoom,  of  New  York,  gives  the  details  of  an  interesting  cai^e 
of  Diairfaoea  Adiposa,  in  the  TraMoctioiiu  of  the  American  Medical  Association^ 
1813,  Tolume  ziv.,  p.  173  e<  Sffq,  In  this  case,  recoTery  apparently  took  place, 
and  th<»  patient  passed  from  observation.  He  also  gives  a  tabulated  analysis  of 
twenty-five  caset  of  discbarge  of  fatty  matter  from  the  bowels  observed  by 
varioiis  authors.  It  is  not  unnsual  for  cases  of  this  kind  to  terminate  in 
recovery. 
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seemed  oppoeed  to  the  obserratioos  of  Bernard/  Tq  manj 
of  the^  experimentSj  reference  has  already  been  made.  In 
endeavoring  to  a^ertain  the  truth  of  an  important  phyBk>^ 
logical  statement  supported  experimentBt  &et)^it  id  mdii 
peiisable  iirgt  to  put  one^§  self  in  the  position  of  tlte  eqieri 
menter,  and  carefollj  to  repeat  his  observatioDfi  in  predsd; 
the  wttj  in  wliich  they  were  origiuallj  made,  UaTiug  dm 
tiiis,  we  have  been  able  on  many  occasions  to  oonfimi  thi 
mo&t  important  of  the  experimente  of  Bemartl ; '  and  we  cin 
find  nothing  in  the  contradictory  ob^errationd  of  olhrn 
which  invalidate  their  accuracy.  So  long  afi  pbysiologistf 
operate  with  the  watery  secretion  which  flows  from  a  ptf*- 
mancDt  pancreatic  fistnla,  they  will  fail  to  observe  the  projh 
ertie8  of  the  normal  fluid ;  and  if  they  will  carefully  loUoir 
the  experimental  procedure  &o  minutely  detailed  by  Beruid^ 
their  observations  will  be  in  aeoordaooe  with  the  iwilti 
at  which  he  has  arrived, 

Adtm  upon  ^SfewvAy  and  Sacchimm  Prineifim, — ^AD 
physiologigts  are  agreed  with  regard  to  the  action  of  the  {na* 
ereatic  jtuee  in  transforming  starch  into  sugar.  This  wn* 
fifst  obierved,  in  by  Valentin^  who  airpmniented  with 
an  artificdal  fluid  made  by  infusing  pieces  of  the  paaereaB 
in  water/  Bouchardat  and  Bandrae  first  noted  this  pfuperty 
in  the  normal  pancreatic  seeretion.  They  obtained  the  fte- 
eretion  in  &mall  quantity  from  the  goose,  by  killii^  it  wWIe 

*  F&catCHSt  Die  Verdmtumff^  fa  WAOjrz^^ft  ffmdftiri^t^mtA  Str  JlpMfHt, 

*  We  h^te  repestedlj  comfimied  noet  of  tlie  «ip«riiiMmt»  of  B«niBM  tibo^ 
[ni^  ihe  ^tUm  of  the  pAiiereotio  j^et  upon  fkli ;  but  bivc  M  mtewM  b 
tetfojlag  tbe  fuserctt  in  •  tMag  udrnd  tod  nofhif  tbe  ciSsda  nptm  4lfaAm 

tilt  ftl)0eii«!i  ni  tlie  semtion*  We  ettesi|iled  iiu«  e  muabir  of  tioMa,  ik  tM^ 
hj  Injecting  the  paiieresllc  daci  wiib  &t,  bot  in  lU  of  tlie  «^peilnieat«  the  wm- 
teils  died  of  pentoottts. 

"  Talektif,  Lfhrimck  dtr  Fh^Mii^  4m  Mmmkm,  Bnunschwdf.  liM, 
•*coad  edition,         B4  L, 
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in  fiill  digestion  and  pressing  ont  by  the  dnet  all  the  flnid 
which  the  pancreas  contained.  They  noted  also  the  viscid 
character  of  the  secretion  and  its  alkaline  reaction.*  All 
who  have  experimented  on  the  pancreatic  juice  since  this 
time  have  confirmed  these  observations.' 

The  property  of  converting  starch  into  sugar  is  pos- 
sessed by  several  of  the  digestive  fluids.  We  have  seen  that 
the  starchy  elements  of  food  are  acted  upon  by  the  saliva, 
that  this  action  is  not  necessarily  arrested  as  these  principles, 
mixed  with  the  saliva,  pass  into  the  stomach,  and  that  the 
intestinal  juice  of  itself  is  capable  of  effecting  the  transfor- 
mation of  starch  into  sugar  to  a  considerable  extent.  It 
therefore  becomes  an  important  question  to  determine  pre- 
cisely how  far  the  pancreas  is  actually  concerned  in  the  di- 
gestion of  this  class  of  principles. 

Bernard  places  the  pancreatic  juice  at  the  head  of  the  list 
of  the  digestive  fluids  which  act  upon  starch.'  This  view  is 
undoubtedly  correct ;  though  he  goes  a  little  too  far  in  claim- 
ing that  starch  is  almost  exclusively  digested  by  the  pancreas. 
Bernard's  experiments,  however,  were  made  chiefly  on  dogs ; 
and  these  animals  do  not  naturally  take  starch  as  food.*  In 
man,  some  of  the  starchy  principles  of  the  food  are  acted 
upon  by  the  saliva,  but  undoubtedly,  most  of  the  starch 

'  BoucHABDAT  KT  Sandras,  De9  FoncUons  du  Parureaa  et  de  son  Influence 
dans  la  DigetHon  des  FiculenU. — Memoire  adreasS  d  VAcademie  dee  Sciencet^  le 
14  avril,  1846, — Supplement  d  VAnnuaire  de  Therapeuiique,  Paris,  1846,  p.  148 
W  9eq. 

'  Frerichs,  Bidder  and  Schmidt,  Bernard,  Lehmann,  and  all  to  whom  we 
liare  referred  in  connection  with  the  function  of  the  pancreas,  are  agreed  witli 
regard  to  its  action  apon  starch. 

•  Op.  cU,,  p.  128. 

*  Bernard  found  that  in  pigeons,  the  pancreas  could  be  extirpated  without 
producing  immediate  death.  In  a  pigeon  from  which  the  pancreas  had  been 
MDored  bj  tearing  the  tissue  away  piecemeal  with  the  forceps,  when  the  animal 
commenced  to  eat,  two  days  after  the  operation,  TCgetable  cells  containing  unal- 
tered starch  were  found  in  abundance  in  the  faeces ;  while,  in  health,  the  starch 
which  these  cells  contained  was  always  dissolred  out  {Lefone  de  Phtfeiologie  Exr 
pMmeniale,  Parii,  1866,  p.  830). 
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taken  as  food  is  digested  in  the  small  intestine.  Thongli 
mt^^tinal  juice  h  cJipable  of  effecting  its  transfonoatiun  into 
sngar,  the  experimental  evidence  is  conclusive  that  in  Hm 
it  is  subordinate  to  the  pancreatic  juice,  which  latter  effects 
this  transformation^  at  the  temperature  of  the  body,  whi 
extraordinary  activity*  There  is  no  evidenee  that  the  bile 
has  any  thing  to  do  with  tLis  action  j  and,  indeed,  it  is  staled 
hy  Lebmann,  that  starch  is  not  materially  affected  by  tltt 
bile,  even  after  prolonged  digestion/ 

To  snm  np  the  whole  process  of  the  digestion  of 
it  may  be  stated,  in  general  terms^  that  tliis  principle, 
hydrated,  which  is  the  ngaal  condition  in  which  It  is  taken 
into  the  stomach  of  the  hnman  subject,  is  slightly  acted  vpom 
by  the  saliva^  both  in  the  month  and  after  it  has  passed  into 
the  stomach ;  when  it  is  taken  raw,  it  is  hydrated  in  the  stom- 
ach,  and  usually  undei^oes  no  tran&formation  into  sugar  it&t3 
it  has  passed  into  the  small  intestine ;  ai]d  when  it  ptifpro  Ml 
at  the  pylomsj  mainly  by  the  action  of  the  panereatie  juice 
but  with  the  a^^istanee  of  the  intestinal  juice,  it  ia  tnmt- 
formed  into  glucose,  and  in  this  form  is  absorbed. 

We  have  already  followed  out  the  digestion  of 
far  03  the  small  intestine/  Ghicirse  undergoes  no  chained 
the  stomach,  and  is  taken  directly  into  the  circulatioru  It  h 
probable,  also,  from  the  experiments  of  Bottchardat  and 
8andras  and  others,  that  a  small  quantity  of  cane^ugar  may 
in  like  manner  be  taken  up  by  the  blood-Tessels  of  the  in* 
testinal  ni neons  luembrane/  It  has  been  shown  that  a  small 
quantity  of  e^ne-sugar  is  transformed  into  glucose  in  thu 
stomachy  but,  as  we  noted  in  treating  of  stomacdinliga^oii, 
the  quantity  is  inconsiderable^  and  the  transformation  ^ 
pends  simply  upon  the  pr^uce  of  a  free  acid  in  tiie  gistiic 
juice. 

^  Ledman!!,  Fk^okgi^  Chmuir^,  FhlU4dpbb^         rc^     p.  tit. 
»  See  page  268, 
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As  most  of  the  saccliarine  principles  of  food  exist  in  the 
form  of  cane-sugar,  it  is  the  action  of  tlie  digestive  fluids 
upon  this  variety  of  sugar  which  possesses  the  greatest  pliys- 
iological  interest.  As  cane-sugar  passe*o  from  tlie  stomach 
into  the  duodenum,  it  is  almost  instantly  transformed  into 
glucose.  This  fact  has  lately  received  additional  confirmation 
in  the  case  of  intestinal  fistula  observed  by  Busch.  In  this 
case,  when  cane-sugar  was  introduced  in  quantity  into  the 
stomach,  fasting,  the  fluid  which  escaped  from  the  upper  end 
of  the  intestine  contained  a  small  quantity  of  glucose,  but 
never  any  cane-sugar.* 

It  now  becomes  a  question  whether  this  transformation 
into  glucose  be  effected  by  the  bile,  the  intestinal  juice,  or 
the  pancreatic  juice.  The  pancreatic  juice  and  the  intestinal 
juice  are  the  two  fluids  which  might  be  supposed  to  have  this 
effect;  for  it  has  been  repeatedly  demonstrated  that  the  bile 
has  of  itself  no  direct  action  upon  any  of  the  alimentary 
principles. 

This  point  is  settled  by  the  experiments  of  Busch  upon 
the  lower  end  of  the  intestine,  in  his  case  of  fistula.  Matters 
introduced  into  this  lower  opening  came  in  contact  with  the 
intestinal  juice  only,  lie  found  that  cane-sugar,  exposed 
thus  to  the  action  of  the  intestinal  juice,  was  not  converted 
into  glucose,  but  a  large  portion  of  it  was  found  in  the  fieces. 
These  observations  also  indicate  that  cane-sugar  is  not  read- 
ily absorbed  by  the  intestinal  nmcous  membrane  until  it  has 
been  transformed  into  glucose. 

Out  of  the  body,  the  pancreatic  juice  is  capable,  if  kept 
but  for  a  short  time  in  contact  with  any  of  the  saccharine 
principles,  of  transforming  them  into  lactic  acid.  Jiouchar- 
dat  and  Sandras  believed  that  sugar  was  always  changed 
into  lactic  acid  in  digestion ; '  but  farther  experiments  have 
shown  that  this  is  not  the  case.*  The  contents  of  the  small 
intestine  are  sometimes  alkaline  or  neutral,  and  sometimes 


*  Loc,  cit.  Loc.  eiL 

•  Bermaiu),  Memaire  tur  le  Pancria%  Parin,  18C6,  p.  138. 


acid,  'Wlien  a  very  lat^e  quantity  of  sugar  Las  Ijeen  lalcea^ 
a  part  of  it  may  be  converted  in  the  intastine  into  lactic  acid^ 
and  tliis  may  happen  with  the  sugar  which  rmults  {mm  die 
dige&tion  of  starch ;  bwt  under  ordinary  conditions, 
and  cane-sngar  are  readily  changed  into  glucose  and  mm 
sorbed  without  undergoing  farther  traTusformation-  AR  tbe 
varieties  of  sugar  after  they  have  been  al>sorbed  by  th© 
tal  vein  and  carried  to  the  liver^  are  here  transformed  i 
glncofie,  the  only  form  under  which  they  can  be  nsed  in  aa- 
tririon. 

Action  of  the  Panermiie  Juice  m  Mikvffmis^  Pnn- 
mplM^ — Although  Eberle  and  eonie  other  German  o!»6erv«rs, 
particularly  Purkinje  and  Pappenheim,  alluded  to  the  actiim 
of  an  acid  infusion  of  the  tissue  of  the  pancreas  npan  certain 
nitrogenized  principles^  as  early  as  1SB4  and  1836^  it  is  onlj 
sinee  the  normal  pancreatic  juice  was  obtained  by  Bernard 
that  any  tiling  definite  has  been  ascertained  concerning  it* 
action  upon  this  class  of  alimentary  substances;  *  and  eroi 
now,  much  remains  to  l)e  done  in  this  direction. 

We  liave  frequently  had  occasion  to  iiisitst  opon  the 
relative  importance  of  intestinal  digestion,  and  it  has  been 
apparent  that  in  the  stomach,  the  process  of  disinte^^tion  of 
food  is  not  final,  even  as  regards  many  of  tlie  nittxis^nixed 
principleSj  but  is  rather  preparatory  to  the  complete  lic|ue&> 
tion  of  these  principles,  which  takes  place  in  the  small  to' 
tine.  The  exi>erinients,  already  referred  to,  of  Bernard^ 
which  the  pancreas  ha^^  been  partly  destroyed  in  dogs^  show 

^  The  id^oa  of  the  Gcnntti  phjsIologuU  concerning  the  functloog  of  th* 
crefts  w«r«  rer;  indefimte  beTore  the  pmbliGfttion  of  Befoard's  e^penmeota,  II* 
Yttgiie  jiad  uDJcertftin  obi$ei^lioiiA  of  Eberle  ajid  of  Ptirkinja  ui4  FappcnlniD  AN 
■Imp) J  iUud^  to  in  tome  of  their  eiftibon^  worki  opoa  pJifilfllKigt  \m 
BmauPi,  Tr^  de  i%»ie>%^  tnd«  p«r  Jourdan^  Fflm,  lail,  liittie  U^p- 
Z17\.  These  ob^rr&^OQS  bj  m  ta&am  jnMy  ihe  claim  made  bj  Gdrrteit  ifait 
the  ftuUiora  referred  to  discovered  th«  ictioo  of  ihe  puncreftlic  Jttioe  wpoa  ^ 
atbuminoidi  (CofiTiai.ffT^  8mr  mte  Pitneiioti  pm  eonnm  dm  PameHmf  Fui%  lH? 
-1858,  p.  1). 
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rapid  cuiaciatiaUj  with  great  voracity,  and  the  ptma^e^  not 
itnly  of  unelianged  fats  and  &tareli,  but  o(  undigested  iiitro- 
geoizeil  niatt4ir  in  the  dejeoHon^i    In  some  instaneesj  pieces 
of  tripe  wUicIi  had  been  fed  to  the  animal  were  reeogniV^able 
in  the  fteees    by  their  aepeet^  because  of  their  flight  altera- 
tion,"  *    The  voracious  appetite,  progressive  eniacuationj  and 
ge  of  all  cla«e^  of  alimentary  subtttances  in  the 
er  this  i>perationj  demonstrate  conclusively  the  great 
importance  of  the  pancreatic  juice  in  digestioiu   But  when 
inquire  into  ttie  preciee  mode  of  action  of  this  fluid  upon 
the  albuminoids,  the  question  becomes  one  of  great  difficulty. 
If  the  bile  be  shut  off  from  the  intestine  and  discharged  ex- 
temallj  by  a  fistnloua  opening,  the  same  voracity  and  ema- 
ciation are  obi>erved ;  and  yet  there  L§  no  single  alimentary 
fiubetanee  upon  which  the  bile,  of  itself,  can  be  shown  to 
exert  a  decided  digestive  action.    Fartliermorej  the  pancre- 
atic juice  is  evidently  calculated  to  net  upon  aliment  ary  priu- 
eiples  after  they  have  been  snl)j Looted  to  the  action  of  the 
gtomaeli,  a  preparation  which  is  absoiutely  essential  to  pi*oper 
atestinal  digestion;  and  once  passed  into  the  intestine^  the 
bod  comes  in  contact  with  a  mixture  of  pancreatic  juice,  in- 
tiiial  juice^  and  bile.    We  have  to  study,  therefore,  the 
ial  action  of  the  pancreatic  secretion  upon  the  albumi- 
oids,  as  far  as  it  can  be  isolated,  and  its  action  in  conjunct 
tion  with  the  other  intestinal  fluids,  and  in  tbe  presence  of 
other  aJimentary  principles  inprot-ees  of  digestion. 

The  first  definite  obiervations  upon  these  points  were 
ade  by  Bernard.  lie  found  that  the  albnmijioi  J  substances 
neridly,  exposed  to  the  action  of  the  pancreatic  juice  out 
the  body^  became  rapidly  softened  and  dissolv^ed  in  some 
f  their  parts,  hut  soon  passed  to  a  condititm  vi'  putrefaction, 
n  anal<:^ous  change,  it  will  be  remembered,  also  takes  place 
starchy  and  fatty  mattei^s  when  expo^^ed  to  the  action  of 
e  pancreatic  juice  out  of  the  body,  and  they  pa^a  through 
e  various  stages  of  transfomiation  respectively  into  lactic 
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acid  and  tlie  fattj  acid^  Tkk  potrefactive  &eti0]i  doe& 
tnke  place  m  ullmmiijoidi^  which  have  be^  predpt 
after  having  l)een  cooked,  or  in  raw  gluten  or 
The  prasenee  of  fat  ako  interleres  with  potrufactiun ; 
that  Berttartl  concludes  that  the  fats  have  an  im; 
influence  id  the  intestinal  digestion  of  tiitfc^ni^ed 
pies/  The  observations  of  Corvij^art^  who  e^erimeQ 
however,  with  an  artificial  fluid  formed  hy  iiifusiiig  the 
pancreas  in  water,  were  made  in  order  to  prove  the 
activity  of  the  pancreatic  juice  in  the  dig^tioii  of  albimi!: 
^ubstance^*  Though  these  experiments  are  fi^equeotly  re- 
ferred to  115  throwing  conddenible  light  upon  a  fimeiioii  of 
tlie  pancreas  but  little  known,  the  author  of  thmt  does  nol 
seem,  in  their  execution^  to  have  fulfilled  ihe  neeeaimiy  pb 
biological  conditioUB ;  and  hh  r^ults  cannot,  therefore, 
accepted  as  definite  and  conclusive/ 

Taking  into  oonsideratioD  what  has  been  podtivdj 
talned  eoDceroiog  the  ai*tion  of  the  pancreatic  juice  upon  the 
*  Op.  eii.,  pxK  m  mA  130, 

CoUeciiifft  tie  M^mmrm  mtr  mm  Famtym  pf»  tvmmi  4m  P^ifritmy  Fhu^ 
1643.   In  ih^  tipcfimtttits  upon  thfi  digt@«tioii  of  ilbmniiioitk  ta  iIm  dnwdwiw 
of  m  tifiog  utimalf  Uie  iijt4^ilti«  was  expo&od,  the  duodeniun  ««sb«d  oul  iHA  • 
ilftaiii  of  xepid  valer,  and  «lliuttien  or  mm^  other  fiiibti«a««  iniroduevi ;  Hbm  te> 
deQiun  iMlng  Uolat^  rrom  tb«  rest  of  the  intestlae  bj  iwo  lig)i|i][rvii^  Tliftt  m>9m1 
dif^estioD  Slid  ituoipticiti  t^n  Like  pUce  tmder  ihm^  ooadttiotii  ii  not  copguriMa 
A|piin,  in  exprnmciDiiiig  upon  the  potion  of  the  pancmtk        out  of  the  bo45» 
thepiiicrettic  sacretioii  b  tiem  used,  but  an  tufbuoa  of  Ibe  tkaua  of  lb«  gli^ 
]■  ffiibstiloted,  Tbou|;fa  ftota^lihlDg  uu j  be  Iiwmed  bj  erxpenmeolifig  ia  Ihli 
rQ»iilt«  thd^  c^t^ineil  eboold  be  ooro[»red  with  thosie  which  m  olrtdiaed  whg 
the  aduft]  ^ecretloii  of  the  inland.    By  ti^tig  &1]  the  premutioas  nppTiwiHWMii 
hy  Corrktrt  in  a  paper  puhlUhed  In  replj  to  wlMb  objections  tii«d«  to  Hi 
perfineotA,  hj  Dr,  Brinton  {J&unml  ds  fa  Fh^tiol&^k,  i'tm,  1860,  tone  \tL, 
479  fl  bATe  tierer  been  able  to  manufacture  a  panomlie  jokv  vlii 

which  w«  oodd  demonstraie  to  a  medical  ckM  the  c:haractetijtlc  pfcipcviie*  ti 
llie  ooroul  teeivtioiL   Conrbait  does  tiot  mm  to  htve  vvfiM  Any  ol  hk  ohM^ 
tntioiat  by  opmiing  vith  the  ACttial  sf^eretion  of  the  ptneme^  and,  oq  the  oUMt~ 
huid,  has  uriittefiMrerRl  memoirs  U)  sho*  that  mfhslotif  of  the  ii»oo  ef^m^ 
the  natufml  Mv!mion«  tiiofv  ckj^ely  ihati  ibe  fliikto  oliCftiapl  fton  iMr 
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albuminoids,  there  can  be  no  doubt  with  regard  to  the  impor- 
tance of  its  function  in  the  digestion  of  these  principles  after 
they  have  been  exposed  to  the  action  of  the  gastric  juice. 
The  experiments  of  Bernard  and  the  later  observations  of 
Dalton  upon  the  digestion  of  these  substances  aft^er  they  have 
passed  out  of  the  stomach  show  that  they  undergo  impor- 
tant and  essential  changes  as  they  pass  down  the  intestinal 
canal.  While  the  bile  and  the  intestinal  juice  are  by  no 
means  inert,  they  seem  to  be  only  auxiliary  in  their  action  to^ 
the  pancreatic  juice.  When  meat  is  taken  into  the  stomach, 
or  is  exposed  even  for  a  long  period  to  the  action  of  the  gas- 
tric juice,  there  is  always  more  or  less  insoluble  residue, 
which  can  be  shown  by  microscopical  examination  to  consist 
of  the  muscular  substance.  Dalton  has  shown,  in  a  carefully 
conducted  series  of  observations,  that  the  characteristic  striae 
gradually  disappear  and  the  tissue  is  dissolved  as  it  passes 
down  the  intestine ;  *  and  although  he  entertains  the  view 
that  this  is  due  to  the  action  of  the  gastric  juice  which  is 
continued  in  the  intestine,  the  evidence  derived  from  the 
observations  of  others  seems  to  show  that  it  depends  mainly 
upon  the  pancreatic  juice. 

The  preparation  which  the  albuminoids  undergo  in  the 
stomach  is  undoubtedly  necessary  to  the  easy  digestion,  in 
the  small  intestine,  of  iht^t  portion  which  is  not  dissolved  by 
the  gastric  juice.  This  fact  has  been  conclusively  demon- 
strated by  experiments  on  intestinal  digestion  in  the  inferior 
animals,  and  by  the  observations  of  Busch  in  the  case  of  in- 
testinal fistula  in  the  human  subject. 

Sumtnary, — The  action  of  the  pancreas  upon  the  various 
articles  of  food  may  be  summed  up  in  a  few  words : 

This  fluid  is  the  only  one  capable  of  forming  an  instanta- 
neous, complete,  and  permanent  emulsion  with  the  liquid 
&t8,  thus  preparing  them  for  absorption  by  the  lacteals^  The 
fat  from  the  adipose  tissue  is  set  free  in  the  stomach  and 

'  Daltoh,  TreaUte  on  Human  Phytiofo^^  Philadelphia,  1871,  p.  145  et  ieq. 
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liquefied,  bat  is  not  otlierwise  acted  upon.  In  normal  diges- 
tion, the  pancreatic  juice  does  not  acidify  fats. 

Raw  starcli — which  becomes  hjdrated  in  the  stomach — 
and  cooked  starch  are  changed  into  sugar  bj  the  panerafttie 
juice,  and  in  ilm  form  are  absorbed.  In  this  the  p&ncfeatic 
secretion  ig  aided  by  tlie  intestinal  Juice,  a  floid  which  po@" 
sesses  the  ^me  property,  though  in  a  le^  degree*  CtJie- 
BQgar  and  milk-^ngar  are  probably  changed  into  gloeose  by 
the  pancreatic  jtiiee  alone.  This  change  takea  plaoe  to  a  rmj 
slight  extent  in  the  stomach. 

The  albominoids,  such  gluten^  fibrin^  allmmen,  enseine, 
and  miisculine,  whieli  have  been  disintegrated  bnt  not  d* 
Bolved  by  the  gastric  juice  as  they  pass  out  of  the  stotnaeh,  a» 
liquefied  by  the  pancreatic  jnice  with  the  aid  of  the  bile  and 
the  intestinal  juicCj  are  changed  into  albuminose^  or  peptoaeK, 
and  are  tlius  absorbed-  This  takes  place  whether  the  raM3- 
tion  of  the  contents  of  tlie  intestine  be  alkalincj  add,  or  neu- 
tral. Though  the  action  of  the  pancreatic  juice,  ont  of  the 
body,  soon  induces  putrefaction  in  many  of  the  albnminoi 
this  does  not  occur  in  the  natural  process  of  digestion,  T 
presence  of  a  email  quantity  of  &t  retards  this  putrefacti 
change  in  artificial  digestion,  and  it  may  hare  some  infl 
upon  the  digestion  of  these  prineiples  in  the  intestine. 

As  the  different  articles  paas  out  at  the  pylonis,  in 
natural  process  of  digestion^  they  are  in  the  condition  m 
favorable  for  the  action  of  the  intestinal  tluida  The  starch 
is  alwaya  hydrated,  with  the  particles  separated  and  dLslrib* 
uted  through  the  entire  mass  of  food  ;  the  oil  is  freed  fmm 
the  vesicles  in  which  it  is  enclosed  in  the  adijx)se  tisdne,  and 
is  likewise  distributed  through  the  alianentary  m»gs;  the  ni- 
trogenlzed  article  are  disintegrated,  softened,  and  reduced  t^* 
a  pnltaceous  mass ;  and,  in  fine,  aU  the  fixnl  which  has  ml 
been  digested  in  the  stomach  is  prepared  to  al3sorb  with 
a%idity  the  fluids  which  it  meets  in  the  intestine,  so  that  it 
rapidly  undergoes  the  final  changes  which  take  place  in  tW* 
part  of  the  digestive  apparatus.    Again,  the  food  is  piiwd 
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out  very  gradually,  and  only  after  it  has  been  fully  prepared 
in  the  stomach  for  intestinal  digestiou. 

In  intestinal  digestion,  all  tlie  secretions  found  in  the 
small  intestine  combine  to  accomplish  the  final  result ;  and 
it  only  remains  for  us  to  examine  how  far  and  in  what  way 
this  process  is  influenced  by  the  bile. 


CHAPTER  Xm. 


ACTION  OF  THE  BILE  IN  DIGESTION — MOVEMENTS  OF  THE  SMALL 

INTESTINE. 

Quefition  of  the  excremenutious  or  recrementitiouB  character  of  the  bile — Liga^ 
tion  of  the  ductus  communis  choledochos — Biliary  fiBtuIa — General  coosdti}* 
tton  of  the  bile — ObserTationfl  on  a  dog  with  biliary  fistula — ^Yariationa  of  the 
bile  with  digestion — Movements  of  the  small  intestine — Peristaltic  and  anti- 
peristaltic moTements — Cause  of  the  movements  of  the  small  intestine- 
Function  of  the  gases  in  the  small  intestine — ^Peristaltic  moremeDts  after 
death — Influence  of  the  nervous  system  upon  the  peristaltic  moremcnta. 

Action  of  the  Bile  in  Digestion, 

A  GREAT  deal  of  diversity  of  opinion  has  existed  among 
physiologists  concerning  the  functions  of  the  bile.  It  is  now 
pretty  generally  acknowledged  that  this  fluid  has,  of  itself, 
no  marked  influence  upon  any  of  the  different  classes  of  ah- 
inentarj'  principles,  such  as  we  have  observed  in  the  other  se- 
cretions which  are  discharged  into  the  alimentary  canaL  This 
being  the  case,  it  is  important  to  decide  whether  the  bile  be 
essential  in  assisting  or  modifying  the  action  of  other  secre- 
tions, or  whether  it  be  entirely  inert  in  the  digestive  process. 
From  the  fact  that  it  is  poured  into  the  npper  part  of  the 
small  intestine,  it  would  seem  that  it  must  have  some  office, 
eitlier  in  modifying  the  digestion  and  absorption  of  food,  or 
in  the  passage  of  alimentary  substances  or  their  residue  down 
the  intestinal  tract.  It  is  difficult  to  suppose  that  a  fluid 
which  is  brought  in  contact  with  the  alimentary  mass  in  that^ 
portion  of  the  intestine  where  the  most  important  digestives^ 
processes  commence  should  be  simply  excrementitious ;  yet 
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this  is  the  view  entertained  by  some  experimentalists,  more 
especially  Blondlot.  In  this  position  of  the  subject,  natu- 
rally the  first  question  to  decide  is  concerning  the  excremen- 
titious  or  recrementitious  character  of  the  bile ;  or  whether, 
in  other  words,  it  be  separated  from  the  blood  simply  to  be 
discharged  from  the  body,  or  have  soineimportant  function  to 
perform  as  a  secretion. 

An  apparently-simple  method  of  settling  this  question 
has  been  employed  by  many  experimentei-s,  but  with  results 
which  are  not  satisfactory  unless  they  can  be  in  some  way 
harmonized.  Schwann,  Nasse,  Bidder  and  Schmidt,  and 
Bernard,  whose  observations  will  be  more  fully  considered 
hereafter,  have  performed  experiments  upon  animals  in 
which  the  bile  was  entirely  shut  off  from  the  intestine  and 
discharged  from  the  body  by  a  fistula.  If  the  bile  be  simply 
excrementitious,  it  should  follow  that  animals  operated  upon 
in  this  way  would  not  sufler  from  the  discharge  of  the  bile 
by  a  fistula  and  its  divereion  from  the  intestine  ;  but  in  all 
of  them,  death  occurred  with  symptoms  pointing  to  defective 
nutrition  consequent  upon  grave  disorder  of  digestion.  The 
same  result  followed  our  own  experiments  on  this  subject. 
On  the  other  hand,  Blondlot  attempts  to  show  that  the  bile 
is  simply  an  excretion,  and  that  animals  thrive  and  will  live 
for  an  indefinite  period  when  it  is  diverted  from  its  natural 
course  and  discharged  from  the  body. 

In  the  experiments  of  Blundell,  Brodie,  and  others,  who 
simply  closed  the  ductus  communis  choledochus,  the  effects  of 
shutting  off  the  bile  from  the  intestine  were  modified  by  the 
consequent  undue  accumulation  of  this  fluid  in  the  biliary 
passages.  The  only  way  to  obviate  this  difficulty  was  to  dis- 
charge the  bile  by  a  fistula,  as  was  first  done  by  Schwann. 
The  first  experiments  reported  by  Schwann  were  made  upon 
sixteen  dogs  and  one  rabbit.  Of  these,  only  six  can  be  re- 
garded as  successful ;  and  in  the  others,  the  animals  either 
died  of  peritonitis  resulting  from  the  operation,  or  recovered, 
the  fistulous  opening  into  the  gall-bladder  becoming  closed 
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and  the  eommunicatioii  between  tbe  liver  and  the  Integdiic 
re{istahlishing  itself.  These  sis  animak  died^  apparentlT 
of  inanition,  respectivelj^  atl:er  Be  van,  thirteen,  ee^^enteeHj 
twenty-fi%"e,  gixty-fonr,  and  eighty  dajs.  In  all,  except  the 
two  animals  tliat  lived  for  Eixtj-four  and  eighty  days  respec- 
tiYeljj  there  was  gradual  diminntioD  in  weight  from  the  date 
of  the  operation  J  notwithBtanding  that  a  large  quantity  of  food 
was  taken*  In  the  two  exeeptions^  there  was  fir&t  diminotion 
in  weighty  then  the  flesh  wajs  partially  regained,  but  it  snb- 
sequently  diminifihed  until  death  occurred,*  In  these  six  ani- 
malfi  there  waa  every  i*ea§on  to  believe  that  death  occnrred 
trom  the  loss  of  the  digestive  function  of  the  bile^  and  the  dis- 
turbances in  nutrition  were  very  much  like  those  produced  by 
Bernard  by  destnietion  of  the  pancreas.  Th^  experiments 
were  cx^nfirmed  in  their  esgential  particulars  by  Bidder  and 
Schmidt  J  Nasse,  and  Bernard,  In  an  observation  reported  by 
Bernard,  the  animal  died  two  mouths  after  the  operation, 
hftvijig  presented  gradaal  emaciation  accompanied  by  great 
voracity/ 

These  facts  seem  to  show  that  the  bile  is  not  simply  an 
excrementitions  fluid,  and  that  it^  fiinction,  after  it  is  dis- 
charged into  the  intestine,  is  not  only  important,  but  abso- 
lutely e^&eutial  to  life.  The  only  experiment  which  i^  op- 
posed to  this  view  is  one  reported  by  Blondlot, 

The  experiment  by  Blondlot  was  made  upon  a  dog.  Tha 
fistula  was  established  in  the  fundus  of  the  galbbladder, 
the  ductus  commums  having  been  tied  and  a  portion  ex- 
sected,  after  tlie  method  employed  Ijy  Schwann*  Fiftwi 
days  after  the  operation j  tlte  animal  had  become  extremely 
thin,  but  ate  well,  and,  according  to  the  report  of  the  experi- 
menter, was  in  perfect  healtli.   During  all  this  time,  how- 

'  SCKWASC^i,  Jjrpl<rt«Tuvt  poHf  wMaiet^  «i  ia  Mk  j&ae  danM  rj^flomv  Amt- 
male  un  eimmti^I  pour  h  F?f,— Jtflm<rtr«  tudh  Skmise  de  tA€<adkA  MB^tk 
dm  $  jmilft^  tS44, — NauvM^  Mlimmra  de  ^AeadknU  Eojfoie  dss  Sdmem  H  Bdk*^ 
Ultrm  d6  Mrm^Uty  Bmxeile^  1846,  borne  %nlL 

'  BK£KlftB|  Ugnide*  fh  rOr^anisme^  P»rii,  tOUke      p.  199, 
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ever,  lie  liabitnally  licked  the  bile,  but  was  finally  preYented 
fh>m  doiiig  thh  by  a  muzzle.  From  the  niotnent  whcu  the 
dog  ceased  to  swallow  the  bile^  the  nutrition  began  to  im- 
prove, and  in  three  months  lie  had  recovered  the  natnnil 
araonnt  of  fleiih,'  A  tJirther  account  of  tliis  experiment  is 
given  by  Elondlot  iu  another  memoir.'  The  animal^  while 
in  perfect  health,  aside  from  the  existence  of  the  fistula,  was 
claimed  by  the  owner,  from  whom  it  had  been  istolen  before 
it  paj^d  into  the  hands  of  the  experimenten  With  the  fistula 
Btitl  open^  the  clog  was  need  by  its  owner  for  hunting  and  lived 
for  five  years.  At  the  end  of  this  time  it  w^as  returned  to  M, 
Blondlot,  but  died  while  in  his  poss^ion^  two  months  after. 

The  important  question  then  to  detennine  was  that  the 
bUe  had  lHE;en  completely  &hut  off  from  the  intestinal  canal. 
Aa  e3camination  of  the  parts  wsis  consequently  made,  in  the 
presence  of  a  nmnber  of  physicians  and  students.    On  the 
most  winnte  disaection,  it  was  ijn  possible  to  find  any  f^om- 
iiiftnication  between  the  bile-duct  and  the  duodenum  j  and 
the  conclusion  arrived  at  was  that  the  animal  had  lived  for 
fiTO  years  without  a  drop  of  bile  passing  Into  the  intestine, 
A.iid»  consequently,  that  thi^a  fluid  was  useless  ii\  digestion. 
The  facts  obtained  by  all  other  observers  are  in  direct  op- 
itioii  to  the  alxive  ex|>eriment.    After  a  number  of  trialsj 
we  succeeded  in  establishing  a  biliary  fistula  in  a  dog,  the 
peration  being  followed  by  no  inflammation  of  the  peri- 
neum, and  notwithstanding  that  the  aninml  was  voracions 
nd  consmaied  daily  large  quantities  of  food,  it  died  iu  thirty- 
ff^ight  days,  of  inanition/    If  our  own  observation  and  those 
of  other  experimenters  be  correct,  it  is  impossible  that  an  ani- 

t^B  ft 

•  BM>KDLOTi  Inu^Uis  dff  U  JBifi  dan»  U  Dhj^t  'mn  proprtfnent  dUe^  mhmmrt 
Ttjfmpl^menkdrt  de  V^tai  f«r  /«  FondwnJt  du  Ft^tf^  Purie,  1851, 

*  ^^leperimeniai  MfitarcheM  into  ct  nrw  Efrrrtor^  Ftmdimi  of  iha  Xtiwr.^ 
Am frkan  Journal  of  iht  Mtdimi  SaifHem^  October,  18(12.  The  dcUiU  of  this  ei* 
pennmt  will  Im  pfun  ftirther  on,  whea      comt*  lo  iti^l  of  the  ttctnul  faactiofi 


mal  bIiodW  li^e  in  perfect  healtli  for  years  with  all  the  bile 
di&cbargeil  by  a  fistula. 

There  k  reason  to  believe  that  the  experiment  of  Bloiid* 
lot  was  itiaci^iinite,  and  that  a  commtinioation  e^ted  betwi&e^ 
the  bile-duct  and  the  duodenum,  which  was  not  diseoTered 
at  the  dissection  after  death.  The  following  obeervntiofi 
strengtheTis  us  in  thi^  opioiou ; 

We  made  an  attempt  on  one  occasion  to  ascertain  the 
tot^l  amount  of  bile  secreted  in  twenty-four  houi^ ;  and  with 
this  view,  the  ductus  eoniraunis  choledochns  was  exposed  in  a 
dog;  the  bile  contained  in  the  gall-bladder  was  pressed  out;  a 
eanula,  with  an  elastic  bag  attached^  was  fixed  in  the  dttct; 
and  the  external  wound  closed,  leaving  the  end  of  the  canula, 
with  the  bag  attached,  protruding  from  the  aMomen,  Tbt* 
bag  ruptured  twenty-three  hours  after,  and  the  experime&t 
was  consequently  unsuceeasfid  in  the  end  ibr  which  it  wm 
undertaken.  The  tulie  dropped  out  at  the  end  of  fortj'-etglit 
hourSj  and  the  external  wound  quickly  healed.  Thirty  days 
after  the  operation^  the  animal  was  killed-  He  had  then  en- 
tirely recovered,  and  no  bile  had  been  distharged  externally 
for  a  long  time-  The  alvine  dejections  were  perfectly  nor- 
mal, and  there  could  be  no  doubt  that  the  bile  waa  regularly 
dificliarged  into  tlic  duodenum.  On  disfiectiou  after  death, 
tbe  liver  was  found  nonnal,  and  the  papilla  which  marka 
the  opening  of  the  bile-duct  into  the  duotlenum  was  natural 
in  appearance.  It  was  with  the  greatest  difiiculty^  however, 
that  the  eommunieation  between  the  bile-dnct  and  the  duo- 
denum could  he  found ;  yet,  after  patient  searching  for  mm 
than  an  hour,  a  small  tortuous  tract  was  discoverei  Had 
it  not  been  certain  that  bile  had  been  constantly  diach^]ged 
into  the  intestine^  it  might  have  been  assumed,  even  after 
careful  exaraination,  that  no  such  communic^ition  existed,' 
This  examination  convinced  us  that  it  was  possible  that  tbe 
oommunieation  between  the  duct  and  the  intestine  had  been 


*  Op.  ffU,—Amefitan  Jmimol  ^/ (he  MMie^  Seimmt  October^  IMt. 
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reestablished  in  Blondlot's  case,  and  that  it  had  escaped  ob- 
servation in  the  dissection  after  death. 

One  point  in  the  observations  of  Blondlot  which  makes  it 
evident  that  all  the  bile  was  not  discharged  by  the  fistula  is 
the  repeated  statement  that  the  animal  was  perfectly  well, 
and  no  one  would  know  from  its  appearance  that  it  had  a 
fistula.  In  our  own  experiment,  the  lower  part  of  the  abdo- 
men and  the  legs  were  covered  with  a  thick  coating  of  in- 
crusted  bile,  and  it  was  impossible  to  keep  the  parts  clean. 
This  must  take  place  if  all  the  bile  be  discharged  by  a  fis- 
tula, and  could  hardly  fail  to  attract  the  attention  of  every 
one. 

The  isolated  experiment  of  Blondlot  does  not  therefore 
invalidate  the  results  obtained  by  Schwann  and  confirmed 
by  so  many  eminent  physiologists.  The  bile  is  not  simply 
an  excretion,  but  has  an  important  and  essential  office  to 
perform  in  the  process  of  intestinal  digestion.  Wo  have, 
Lowever,  conclusively  shown  that,  in  addition  to  its  recremen- 
titious  function,  it  separates  from  the  blood  an  important  ex- 
crementitious  principle,  cholesterine,  which,  under  a  modified 
ibrm,  is  discharged  in  the  feces.*  This  function  of  the  liver 
^11  be  fully  considered  under  the  head  of  excretion.  It  is 
safficient  for  our  present  purposes  to  show  that  the  bile,  un- 
like any  other  fluid  in  the  organism,  has  two  distinct  func- 
t;ions,  dependent  upon  two  distinct  classes  of  constituents. 
*rhe  peculiar  principles  known  as  the  biliary  salts,  wliich  are 
produced  first  in  the  liver,  give  it  its  digestive  properties ;  and 
"the  cholesterine,  which  is  simply  separated  from  the  blood  by 
the  liver,  gives  it  its  exorementitious  character. 

As  we  are  much  better  acquainted  with  the  excrementi- 
tious  than  with  the  digestive  function  of  the  bile,  we  shall 
CK>ii8ider  only,  in  this  connection,  a  few  of  the  points  concern- 

'  See  an  article  by  the  author,  entitled  Ejcperimenial  Researches  into  a  New 
Aerelcry  Function  of  the  Liver  ;  contitUng  in  the  removal  of  Cholesterine  from 
the  Bloody  and  its  discharge  from  the  Body  in  the  form  of  Stercorine  (the  Seroline 
of  Boudet), — American  Journal  of  the  Medical  Sciences^  October,  1862. 


iiig  tlie  cliemiBtr)^  of  this  fluid ;  deferring  a  faU  aeeouDt  of  itM 
romposition  until  we  come  to  treat  of  it  as  an  excretion. 

The  bile  Taries  in  color  and  consistence  in  difftiretil  ani* 
mais.  It  usually  lias  a  greenish,  yellowidi,  or  brownii^h  hue. 
In  the  bumau  subject^  it  haa  &  dark  gold  en -brown  color^ 
and  is  somewhat  viscid  in  consistence,  chiefly  from  ad* 
mixture  with  tlio  mucus  of  the  gall-bladder.  The  specific 
gravity  of  human  bile  has  been  found  to  be  about  1,018/  lu 
reac^tion  is  faintly  alkaline. 

Fby biological  chemists  have  long  since  reeogiuzed  in  the 
bile  ]>ecuUar  principles,  which  are  found  in  no  other  part  of 
the  organism  ;  but  the  exact  nature  of  theise  eonstitnenls  wiS 
fimt  described  by  Strecker,  in  1S4hS.  The  principle  deeertbed 
by  Berzelius  under  the  name  of  biliary  matter^  gubseqoenllr 
s*5  para  ted  by  Thenar  d  into  two  principles,  called  by  him  bil* 
iaiT  resin  and  picromel,  and  atlerward  treated  of  by  Hade- 
man  n  and  Ginelinj  who  obtained  two  substances,  which  th<*y 
called  taurine  and  cholie  acidj  was  analyzed  by  Strecker,  who 
obtained  from  the  bile  of  the  ox  two  acids,  cholic  and  cho* 
leic  acid,  which  he  found  existed  in  this  fluid  in  eombiua* 
tiou  with  6oda/  The  results  of  thes^  researches  by  Strecker 
into  the  chemistry  of  the  bile,  the  most  extended  and  aeen- 
mte  which  had  ever  been  made,  are  now  generally  aece]>teil 
by  physiologists.  The  cholic  acid  of  Strecker,  which  may 
be  decomposed  into  a  new  acid  and  a  principle  called  glycine^ 
and  the  elioleic  acid  from  which  may  lie  forinecl  a  new  aci<l 
and  taurine,  are  called  by  Lehmann,  respectively,  glycocholi** 
and  tauroehoUc  add,*  In  the  bile  of  the  ox^  these  are  found 
combined  with  lioda,  and  the  peculiar  projdinate  principles 
of  this  fluid  are  now  recognized  as  the  glycoeholiito  of  f5^>dji,  n 

Ati  anal yirk  of  the  nborc  h  girm  In  the  Jmm^      Fhffrmacig  H  <it  €him*t, 
Paria,  1648,  Ume  liil,  p.  216;  1 84ft,  tome       p.  i«3  ;  i&tl  tdUlo  xtL,  p»  Ufl 
*  LlCQMAXKi  Phtfti&li^^eat  ChemiMfiy^  PhUaddph^ar  iB&a,  toL  it,  p.  Wl  ft 
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crystalline  substance,  and  the  taurocholate  of  soda,  which  is 
of  a  resinous  consistence,  and  is  stated  to  be  uncrystallizable. 

The  whole  subject  of  the  constitution  of  the  bile  has 
been  admirably  reviewed  by  Dalton,  who  has  made,  in  addi- 
tion, important  original  researches  into  the  constitution  and 
physiology  of  this  fluid.*  In  the  human  bile,  Dalton  has 
found  a  resinous  substance,  which,  from  its  behavior  witli 
various  reagents,  is  undoubtedly  analogous  to  the  taurocho- 
late of  soda  of  ox-bile,  but  which  he  could  not  obtain  in  a 
crystalline  form.* 

In  addition  to  the  biliary  salts,  the  bile  contains  the  ordi- 
nary inorganic  salts,  found  in  nearly  all  the  animal  fluids,  a 
Bmall  quantity  of  fat,  the  oleates,  margarates,  and  stearates 
of  soda  and  potassa,  mucus  from  the  gall-bladder,  and  cho- 
lesterine ;  the  last  being  an  excrementitious  product.  The 
action  of  the  bile  in  digestion,  whatever  its  nature  may  be, 
undoubtedly  depends  chiefly  upon  the  biliary  salts,  and  per- 
haps to  some  extent  upon  its  saponaceous  constituents. 

Experiments  on  the  action  of  the  bile  upon  diflTerent  ali- 
mentary substances  out  of  the  body  have  not  led  to  any  defi- 
nite results.  It  is  only  in  connection  with  the  other  diges- 
tive fluids  that  it  seems  to  be  efficient ;  and  the  only  obser- 
vations which  have  thrown  any  light  upon  the  subject  are 
those  made  upon  digestion  in  the  living  organism.  Simple 
ligation  of  the  bile-duct,  as  was  practised  by  Blundell,  Bro- 
die,  Magendie,  Mayo,  and  others,  has  taught  us  very  little 
regarding  the  eflTects  of  shutting  off  the  bile  from  the  intes- 
tine; for  the  immediate  effects  of  the  operation  generally 
interfered  with  the  process  of  digestion,  and  subsequently  the 
experiment  was  necessarily  disturbed  by  the  effects  of  the 
retention  of  bile  in  the  excretory  passages.    As  would  nat- 

'  Dalton,  On  the  Coruiitution  and  Physiology  of  the  Bife. — American  Journal 
At  Medical  Sciences^  October,  1857. 

'  Since  writing  the  above,  we  have  been  informed  bj  Professor  Dalton  that  he 
h«8  succeeded  in  obtaining  a  small  quantity  of  crystalline  matter  from  the  human 
bOe. 
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mmllj  be  escpected,  these  abeerratbiis  have  been  qmte  oan- 
tradictory.  Brodie  tbuud  na  white  chyle  in  the  lact^b 
after  the  duct  had  been  tied|'  while  Magendie!,  in  two  simi- 
lar experinientSj  found  tliat  the  chyle  was  formed  without 
the  aid  of  the  bOe,'  Of  others  who  have  repeated  th^e  ex- 
periments^ gome  have  confirmed  the  observations  of  Brodte, 
and  some,  those  of  Mageiidie. 

The  results  of  experiments  upon  the  digestive  funetian 
f>f  tbe  bile  hare  not  been  very  definite ;  but  tho^  which  hare 
been  most  eatiBtactory  have  followed  the  establishment  of  a 
(it^tulooB  opening  into  the  gall-bladder,  the  flow  of  bile  at 
the  &ame  time  being  completely  shut  off  from  the  intestine. 
In  all  experiments  of  this  kind  in  which  fatal  infiammaticyQ 
did  not  follow  the  operatioUj  death  has  taken  place  from  inao* 
idon,  notwithstanding  an  increase  in  the  quantity  of  fond 
taken.  Schwann  has  shown  that  tins  result  is  not  dne  siiDplT 
to  the  loss  of  the  solid  matter  discharged  in  the  bile,  whieh  k 
small  in  proix)rtipn  to  the  total  daily  loss  of  weight,*  It  nn- 
doubted ly  proceeds  from  disordered  nutrition,  which  lias  its 
starting  point  in  disordered  digestion. 

We  have  now  to  study  the  modiSc^itions  in  digestion  aad 
nutrition  which  are  the  result  of  simply  diverting  the  bile 
l)fom  the  intestine.  With  that  view  we  followed  eorefullr 
these  changes  in  the  animal  with  a  biliary  fettLla,  that  wa^ 
under  our  own  observation.  This  experiment  confirmed^  in 
all  important  particolars^  those  of  Schwann  and  of  Bidder 
and  Sehniidt.  It  is  given  here  somewhat  in  detail,  for  inifr- 
much  as  no  inflammation  fuUowed  the  operation  and  ooth^ 
ing  occurred  to  complicate  the  eflects  of  the  diversioQ  of  tht 
bile  from  the  int^^tine,  we  regarded  the  experiment  as  re- 
markably successful, 

*  BbOpiEj  Experknt^  $yr  t  Uaa^e  de  In  Btk  data  IW  l^fffmtim*  i/am nwf  6 
fhyMi^U,  P«m,         t«me  iU.,  p.  PS. 

*  lUaorptK,  iVrc»  £Umeniak%  de  M^Mogk^  Ftiii,  IdSa,  iocac  ft^  |i.  1  tlL 
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Observations  on  a  Dog  with  Biliary  Ftstvla. — ^Novem- 
ber 15,  1861,  a  biliary  fistula  was  established  in  a  young 
cur-dog  weighing  twelve  pounds.  The  abdominal  organs 
were  very  little  exposed,  and  the  experiment,  from  the  first, 
promised  to  be  very  satisfactory.  The  bile-duct  was  first 
ligated  next  the  intestine  and  at  its  junction  with  the  cystic 
duct,  and  the  intermediate  portion  exsected.  Tlie  incision 
in  the  abdomen  was  in  the  median  line  just  below  the  ensi- 
form  cartilage,  and  was  about  three  inches  long.  Tlie  fun- 
dus of  the  gall-bladder  was  then  drawn  to  the  upper  portion 
of  the  wound,  and  the  bile  was  evacuated  by  a  small  open- 
ing, the  edges  of  which  were  attached  to  the  abdominal  pa- 
rietes.  The  woimd  in  the  abdomen  was  then  closed,  except 
the  opening  into  the  gall-bladder,  into  which  a  few  shreds  of 
lamp-wicking  were  introduced. 

The  animal  appeared  to  do  perfectly  well  after  the  opera- 
tion, and  ate  the  usual  quantity  the  next  day.  He  was  kept 
in  a  warm  room,  though  the  weather  was  mild  ;  and  a  care- 
fiil  record  was  made  of  his  condition  every  day.  The  fistula 
occasionally  showed  a  tendency  ,  to  close,  but  it  was  kept 
open  by  the  occasional  introduction  of  a  glass  rod.  From 
time  to  time,  while  the  animal  was  under  observation,  he 
licked  the  bile  as  it  flowed  from  the  fistula.  Tliis  was  finally 
prevented  by  a  long  wire-muzzle,  the  sides  of  which  were 
covered  with  oil-silk. 

The  abdomen  was  somewhat  tumid,  with  some  rumbling 
in  the  bowels,  for  five  days  after  the  operation.  The  first 
alvine  discharge  took  place  on  tlie  evening  of  the  second  day. 
The  fceces  seemed  in  all  regards  normal.  After  that  time, 
they  became  very  infrequent,  though  the  animal  ate  well 
every  day.  The  fseces  that  were  passed  after  the  third  day 
were  of  a  grayish  color  and  moderately  soft.  They  had  an 
exceedingly  offensive  and  penetrating  odor.  At  about 
the  fifteenth  day,  the  faeces  became  more  frequent;  and 
from  that  time  were  passed  three  or  four  times  a  day.  Gen- 
erally they  were  clay-colored ;  but  on  one  or  two  occasions 
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were  quite  dark.  TLej  always  had  a  pecTiliarIj-oflreiiri?e 
odor. 

The  weight  of  the  aniinal  remained  stationary  for  whont 
four  days.  On  the  sixth  day  (November  20th)  the  weight 
began  to  cUminiah*  He  weighed  on  that  day,  before  feeding, 
eleven  and  one  quarter  pounds.  November  22d,  he  wetgfaei 
but  little  over  eleven  pounds,  November  24th ,  he  weighed 
ten  pomids.  He  maintained  this  weight  until  December  1st, 
when  the  weight  again  began  to  diminiak,  On  December  6th, 
the  weight  was  nine  pounds.  On  December  7th,  the  weight 
was  reduced  to  eight  and  a  half  pound@|  and  the  strength  be- 
gau  to  tail  manifeMly.  December  10th  and  11th,  lie  gmiued 
a  little,  on  those  days  weighing  nine  pounds  ;  but  after  that, 
he  progressively  diminished  in  strength  and  in  weight  until 
death  occurred^  thirty-eight  days  after  the  operatioii.  The 
weight  was  tJien  seven  and  a  half  jMiands,  showing  a  total 
loss  of  four  and  a  half  pounds,  or  37|  per  cent 

During  tlie  &mt  nine  days  of  the  observation  the  animal 
ate  well,  but  not  ravenously,  taking  about  three-quaiteiB  of 
a  pound  of  beef-heart  daily.  On  the  tenth  day  the  appetite 
increased*  He  ate  on  that  day,  at  one  time  a  ponnd^  and  it 
anotlier,  half  a  pound  of  nieat.  He  ate  on  an  average  about 
a  pound  and  a  half  of  beef*heart  daily,  until  tlie  day  bef<^ 
his  death.  During  the  last  five  or  six  days  he  iseemed  veir 
ravenous,  and  was  not  allowed  to  eat  all  that  he  would  at 
one  time.  At  this  time  he  was  ortlinarily  fed  twice  a  day. 
He  would  not  eat  fat,  even  when  very  hungn^.  During  tlie 
last  day,  when  too  weak  to  stand,  he  attempted  to  eat  whlla 
lying  down.  During  the  last  twelve  days  of  the  obeervatiofi, 
he  attempted  constantly  to  eat  the  faeces. 

During  the  last  days  of  the  experiment,  when  the  dog 
had  become  much  reduced  in  weight,  he  became  veiy  cioai| 
4nd  snapped  at  evei^"  animal  that  came  near  him,  Tbere 
was  never  any  icterus,  fetor  of  the  breath,  or  falling  off  of 
the  hair. 

A  careful  examination  of  the  animal  was  made  after 
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death.  The  gall-bladder  was  somewhat  contracted  but  not 
obliterated,  and  the  fistula  would  admit  the  largest-sized 
male  catheter.  Both  ends  of  the  divided  bile-duct  were 
found  impervious.  There  was  no  passage  for  the  bile  into 
the  intestine.  The  abdominal  organs  were  normal,  with  the 
exception  of  evidences  of  slight  peritoneal  inflammation 
around  the  wound  and  over  the  convex  surface  of  the  liver. 
There  was  no  fat  in  the  omentum  or  anywhere  in  the  body, 
except  a  very  small  quantity  at  the  bottom  of  the  orbit. 

The  above  observation  is  a  type  of  the  instances — which 
are  not  very  numerous — in  which  the  bile  has  been  complete- 
ly shut  off  from  the  intestine  and  discharged  externally  by  a 
fistula  into  the  gall-bladder.  As  far  as  could  be  ascertained, 
this  animal,  from  the  first,  presented  no  disturbances  which 
were  not  due  solely  to  the  absence  of  the  bile  from  the  intes- 
tine, and  its  discharge  externally.  Though  the  phenomena 
here  presented  do  not  teach  us  much  that  is  definite  concern- 
ing the  digestive  action  of  the  bile,  taken  in  coniiection  with 
what  has  been  ascertained  concerning  the  general  properties 
of  this  secretion,  they  throw  some  light  upon  its  function. 

One  of  the  functions  which  has  been  ascribed  to  the  bile 
is  that  of  regulating  the  peristaltic  movements  of  the  small 
intestine,  and  of  preventing  putrefactive  changes  in  the  in- 
testinal contents  and  the  abnormal  development  of  gas.  Ex- 
periments on  this  point  are  somewhat  confiicting.  Our  own 
observations  would  lead  us  to  doubt  the  constant  influence  of 
the  bile  upon  the  peristaltic  movements.  During  the  first 
few  days  of  the  experiment,  the  dejections  were  very  rare ; 
but  they  afterward  became  regular,  and  at  one  time,  even, 
there  was  a  tendency  to  diarrhoea.  There  can  be  no  doubt, 
however,  that  the  bile  retards  the  putrefaction  of  the  con- 
tents of  the  intestinal  canal,  particularly  when  animal  food 
has  been  taken.  The  faeces  in  the  dog,  as  far  as  our  own 
observation  goes,  were  always  extremely  offensive.  Bidder 
and  Schmidt  found  this  to  be  the  case  in  dogs  fed  entirely 
on  meat ;  but  the  faeces  were  nearly  odorless  when  the  ani» 
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timls  were  fed  oq  bread  alone.^  Id  the  ea^  of  mia&tiiial 
fUtiila  ill  tlie  huniRB  subject ^  tlie  eva<*yatiom  wMdi  took 
l>laee  after  the  introduction  of  alimentary  &iibgt&zicc&  into 
the  lower  portion  of  the  intestine  had  an  iinnatumllT  offen- 
sive and  putrid  odor.  In  tlus  case,  as  it  was  impossible  for 
inatterB  to  pass  frt»m  the  |>oi1ion6  of  the  intestine  above  tkc 
ii^tnla  to  those  below,  the  ft>od  iiitrodnced  into  the  lower 
opening  was  completely  i"enioyed  from  the  aetion  of  the 
bile. 

So  far  as  the  digestion  of  tlie  different  alimentary  priiici- 
pless  is  cunceruedj  it  haB  been  shown  that  tlie  bile,  of  it^If^ 
has  no  partietdar  action  npon  any  of  them.    In  the  (a^cm 
uf  animals  %  ith  biliary  fistula^  the  only  pecaiiarity  whi<  '  ■ 
been  observed ,  a.^ide  from  the  putrefactive  odor  aru. 
abfience  of  the  coloring  matter  of  the  hUe^  has  been  the  J^m- 
ence  of  an  abnomial  proportion  of  fat.    We  hav-    '  t 
this  in  thc!  faeces  of  a  patient  stiffering  under  jaunu 
ently  due  to  temporary  ol^tmction  of  the  bile-doct.'  Thb 
fact  was  noted  in  the  dogs  experimented  upon  by  BWdfr 
and  Schmidt. 

The  variooji  experinient&  which  have  been  performed  iipoo 
animals  render  it  almost  certain  that  tlie  bile  has  an  iv  ' 
tant  inflnence^  either  npon  the  digestion  or  the  abeorpti^M. 
fate.  The  observations  of  Brodie  and  others,  in  which  thc 
bile-duct  was  simply  ligateil,  m*e  not  very  conclusive,  m 
disturbances  produced  by  the  retention  of  the  bile  prDbalJr 
had  an  inflnenee  upon  digestion  and  absorption  ;  hnt  Bi  l  itr 
and  Schmidt  noted  in  animals  with  biliary  fistula  that  ttte 
chyle  contained  very  much  le^ss  fat  than  in  heiilth.  Id  *ti 
animal  with  a  fistula,  and  the  bile-duct  obliterated,  the  pn*^ 
pt^rtion  of  fat  was  1'90  parts  to  1,000  parts  of  chyle ;  wliile 

*  Amfriam  Jtmrnal  of  tkt  JfrfHeai  Seimm,  Octi>bef«  ]  S6i.  We  oiitMMi 
&om  IK  1  -4  gniufl  of  f»o«  iakvm  imm  thSa  pftlleDl,  Ji  cske  otmtp  ^dglilif  lfc# 
tj-fmir  griiniL  In  ttn  analvsifi  of  the  fteeei  nude  nineteen  daji  ftfl^r,  mhgu  tit 
pf  lient       reemfed,  no  Mponl&kble  &t  mms  fhimil 
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in  an  animal  with  the  biliary  passages  intact,  the  proportion 
was  32-79  parts  per  1,000/ 

In  animals  operated  upon  in  this  way,  there  is  frequently 
a  great  distaste  for  fatty  articles  of  food.  In  our  own  obser- 
vation, the  dog  refused  fat  meat  even  when  very  hungry  and 
when  lean  meat  was  taken  with  great  avidity. 

Experiments  concerning  the  influence  of  the  bile  upon  the 
absorption  of  fats  have  resulted  in  hardly  any  thing  definite. 
We  only  know  the  fact  that  when  the  bile  is  diverted  from 
the  intestine,  the  proportion  of  fat  in  the  chyle  is  greatly 
reduced,  and  a  large  proportion  of  the  fat  taken  with  the 
food  passes  through  the  intestine  and  is  found  in  the  faeces. 

The  action  of  the  bile  in  exciting  muscular  contraction, 
particularly  in  the  smooth  muscular  fibres,  is  pretty  well  es- 
tablished. It  has  been  shown  by  Schiff*  that  this  fluid  acts 
upon  the  muscular  fibres  situated  in  the  substance  of  the  in- 
testinal villi,  causing  them  to  contract,  and,  according  to  his 
view,  assisting  in  the  absorption  of  chyle  by  emptying  the 
lacteals  of  the  villi.'  The  whole  subject,  however,  of  the 
absorption  of  fats  is  exceedingly  difficult  of  investigation ; 
and  our  knowledge  of  it  has  not  been  sensibly  advanced  by 
the  experiments  upon  the  influence  exerted  by  the  bile. 

Notwithstanding  the  obscurity  in  which  this  subject  is 
involved,  it  is  certain  that  the  progressive  emaciation,  loss 
of  strength,  and  final  death  of  animals  deprived  of  the 
action  of  the  bile  in  tlie  intestine  is  due  to  defective  diges- 
tion and  assimilation.  In  spite  of  the  great  quantities  of 
food  taken  by  these  animals,  the  phenomena  which  precede 
the  fatal  result  are  simply  those  of  starvation.  It  may  be 
that  the  biliary  salts  are  absorbed  by  the  blood  and  are 
necessary  to  proper  assimilation;  but  there  is  no  experi- 
mental basis  for  this  supposition,  and  it  is  impossible  to  dis- 
cover these  salts  in  the  blood  of  the  portal  system  by  the  or- 
dinary tests.   It  is  more  probable  that  the  biliary  salts  in  flu- 

*  Op.  cii.,  p.  227. 

•  LoNOET,  Traits  de  Phytiologie^  Paris,  1868,  tome  I,  p.  300. 
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ence  in  some  way  the  digestive  process  and  are  modified  and 
absorbed  with  the  food. 

.  The  observations  of  Bidder  and  Schmidt  show  ooncln- 
sively  that  the  characteristic  constituents  of  the  bile  are 
absorbed  in  their  passage  down  the  alimentary  canaL  Hav- 
ing arrived  at  a  pretty  close  estimate  of  the  quantity  of  Inle 
daily  produced  in  dogs,  they  collected  and  analyzed  all  the 
fflecal  matter  passed  by  a  dog  in  five  days.  Of  the  dry  residue 
of  the  faeces,  the  proportion  which  could  by  any  possibility 
represent  the  biliary  matters  did  not  amount  to  one>fourth 
of  the  dry  residue  of  the  bile  which  must  have  been  secreted 
in  that  time.  They  also  estimated  the  total  quantity  of  sul- 
phur contained  in  the  faeces,  and  found  that  the  entire  quan- 
tity was  liardly  one-eighth  of  that  which  was  discharged  into 
the  intestine  in  the  bile ;  and  inasmuch  as  nearly  one-half  of 
that  found  in  the  faeces  came  from  hairs  which  had  been 
swallowed  by  the  animal,  the  experiment  showed  that  nearly 
all  the  sulphur  contained  in  the  non-crystallizable  element  of 
the  bile  (the  taurocholate  of  soda)  had  been  taken  up  again 
by  the  blood.*  These  observations  show  conclusively  that 
the  greater  part  of  the  bile,  with  the  biliary  salts,  is  ab- 
sorbed by  the  intestinal  mucous  membrane.  Prof.  Dalton 
has  attempted  to  follow  these  principles  into  the  blood  of  the 
portal  system,  but  has  never  been  able  to  detect  the  biliary 
salts,  by  the  most  careful  analysis.'  Like  the  peculiar  prin- 
ciples of  other  secretions  which  are  reabsorbed  in  the  aliment- 
ary canal,  these  substances  become  changed  and  are  not  to 
be  recognized  by  the  ordinary  tests,  after  they  are  taken  into 
til  9  blood. 

Although  it  is  the  digestion  and  absorption  of  fatty  sub- 
stances which  seem  to  be  most  seriously  interfered  with  in 
cases  of  biliary  fistula  in  the  inferior  animals,  the  rapid  loss 
of  weight  and  strength  would  indicate  great  disturbance  in 

*  BmoEB  USD  Schmidt,  Die  Verdauunffssa/U,  Leipzig,  1852,  S.  217,  2ia 

*  Dalton,  TrtaHte  on  Human  Fhysiolopj/,  Philadelphia,  1871,  pp.  178  and 
184. 
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the  digestion  and  absorption  of  other  articles  of  food.  A 
fact  which  indicates  a  connection  between  the  bile  and  the 
process  of  digestion  is  that  the  flow  of  this  secretion,  though 
constant,  is  greatly  increased  when  food  passes  into  the  intes- 
tinal canal.  This  has  been  noted  by  all  who  have  experi- 
mented'on  the  subject.  The  following  observations  on  a 
dog,  showing  the  variations  in  the  flow  of  bile  from  the  fista- 
la,  were  made  twelve  days  after  the  fistula  had  been  estab- 
lished, when  the  weight  of  the  animal  had  been  reduced  from 
twelve  to  ten  ponnds : 

TaHe  of  Variations  in  the  Flow  of  BUe  with  Digestion.^ 


(At  each  observation,  the  bile  waa  drawn  for  precisely  thirty  minutes.) 


Tnu  AFTBs  FssDnra 

Fresh  Btle. 

Dried  Bile. 

Percentage  of  Dry  Besldneii 

GnUiu. 

8-103 

0-870 

4-666 

20-527 

0-586 

2-864 

86-760 

1-080 

8-028 

38-939 

1-404 

8-606 

22-209 

0-987 

4-460 

36-577 

1-327 

8-628 

24-447 

0-833 

8-407 

6-710 

0-247 

4-326 

6-000 

0-170 

8-400 

8-643 

0-309 

8-576 

9-970 

0-277 

2-778 

4-769 

0-170 

8-666 

7-578 

0-293 

8-866 

Disregarding  slight  variations  in  this  table,  which  might 
"be  accidental,  it  may  be  stated,  in  general  terms,  that  the 
Hie  commences  to  increase  in  quantity  immediately  after 
eating ;  that  its  flow  is  at  its  maximum  from  the  second  to 
"the  eighth  hour,  during  which  time  the  quantity  does  not 
"Vary  to  any  great  extent ;  after  the  eighth  hour  it  begins  to 

'  The  entire  quantity  of  bile  in  the  twenty-four  hours,  estimated  from  these 
obserratiomi  by  taking  an  average  of  the  quantities  obtained  in  all  the  observa- 
tions and  multiplying  by  forty-eight,  was  883*933  grains,  with  30  003  grains  of 
<lr7  reeidae.  The  question  of  the  entire  quantity  of  bile  produced  by  the  human 
Mbjact  in  the  twenty-four  hours  will  be  considered  hereafter  under  the  head  of 
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diminish,  and  from  the  twelfth  hotir  to  the  tim©  of  feedingt 
it  is  at  its  minimiim.'  The  experimeDte  of  Dr,  Dalton,  made 
on  a  dog  with  a  fistula  into  the  duodenum^  ehow  "  that  the 
hile  passes  into  the  inteijtine  in  by  far  the  largest  quantity 
immediately  after  feeding,  and  within  the  first  honr*"  * 

Though  it  hai^  been  pretty  satisfactorily  demonstrated 
that  the  prei^enee  of  the  bile  in  the  small  intestine  is  necessary 
to  pmper  digestion,  and  even  essential  to  life,  and  thongli 
the  Yariations  in  the  flow  of  bile  with  digestion  are  now  well 
established^  it  innst  be  eonl'essed  that  we  have  hardly  ajjy 
definite  information  concerning  the  mode  ot  action  of  the 
bile  in  intestinal  dtge&tion  and  ab&orption,  Nearly  all  that 
we  can  say  n[K*n  this  point  is  that  its  action  seems  to  be 
anxiHary  to  that  of  the  other  digestive  fluids. 

MovemmU  of  the  Small  lnte^in4. 

By  the  contractions  of  the  iiiiis<*ular  coats  of  the  small  in- 
testinCj  the  alimentary  mas^  is  made  to  pass  along  the  canal, 
gometimes  in  one  directiotiT  and  eometinies  in  another ;  the 
general  tendency,  how*ever,  being  toward  the  tit^^iim.  The 
partiidly-dige&ted  matters  wldch  pats  out  at  the  pylorns  are 
prevented  from  returning  to  the  stomach,  by  the  peculiar 
arrangement  of  the  fibres  which  constitute  the  pyloric  mus- 
cle. The  passage  irom  the  stomach  to  the  intestine,  as'  we 
have  seen,  becomes  constricted  gradnally,  eo  that  food  of  the 
proper  consistence  finds  its  way  easily  into  the  duodemim ; 

cierpiiig  tbe  TaHihtlon^  in  tbt?  f]o«  of  bile  with  digestion.  Bidder  ftnd  Sdiaudt 
(op.  nl.)  fouod  ttuit  the  flow  bi^^iUi  10  )iiCT«fl«e  ftbout  tvo  lionts  t^er  leetlii^  iti 
mRximutii  bein^  «t  from  twelve  to  IHle^fi  boun  ftfl^;  Arn<olil  {  Am*TieaM  Jhmr^ 
hat  ik§  M**lkei  Sei^meem^  April.  1^0,  p*  467)  foimd  the  maiitnuxn  to  wcur 
•000  After  fti^diiig,  deiaraisiiig  *fter  the  fourth  hour;  ttud  KolUker  and 
{Amtrkm^  Jmir%ei  tf  ^  M«iwal  Sdmeu,  April,  IMl^  p.  476)  fauml  Ihe  xtm^ 
mum  lo  be  btiwe^n  ibe  abtlh  ind  tli«  eighth  hour. 

■  ^Aijoii,  C^mUHufim  ami  P^^thkgy  nf  ike  mk^Amfrimm  Jmriml  0/ 
At  JMM  Bciew^  atober,  im,  p.  517.  «Ad  Tr^iii*  0m  ffmmm  Jljifafflfy, 
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bat  viewed  from  the  duodenal  side,  the  constriction  is 
abrupt,  so  that  regurgitation  is  generally  diflScult.* 

Once  in  the  intestine,  the  food  is  propelled  along  the 
canal  by  peculiar  movements,  which  have  been  called  peri- 
staltic, when  their  direction  is  toward  tlie  large  intestine,  and 
antiperistaltic,  when  the  direction  is  reversed.  These  move- 
ments are  of  the  character  peculiar  to  the  uustriped  mus- 
cular fibres;  i.  e.,  slow,  gradual,  the  contraction  enduring  for 
a  certain  time,  and  followed  by  a  correspondingly  slow  and 
gradual  relaxation.  Both  the  circular  and  the  longitudinal 
muscular  layers  participate  in  these  movements.  If  we  care- 
fully watch  this  action  in  the  intestines  of  an  animal  after 
the  abdomen  has  been  opened,  we  can  sometimes  see  a  gradual 
constriction  produced  by  the  action  of  the  circular  fibres  at 
a  certain  point,  which  is  slowly  propagated  along  the  tube, 
while,  at  the  same  time,  the  longitudinal  fibres  are  alter- 
nately contracted  and  relaxed  in  the  same  gradual  manner, 
shortening  and  elongating  the  tube  and  facilitating  the  on- 
ward passage  of  its  contents.  It  can  readily  be  appreciated 
how  movements  of  this  kind  are  capable  of  propelling  the 
alimentary  mass  slowly  but  certainly  along  the  intestinal 
tract,  even  when  the  direction  is  in  opposition  to  the  force  of 
gravity ;  and  how  admirably  these  movements  are  calculated 

*  When  the  stomach  is  empty,  the  pylorus  is  relaxes],  so  that  ihe  bile  fre- 
quently passes  in  from  the  duodenum ;  but  as  soon  as  the  food  is  passed  into 
the  stomach  by  the  oBSOphagus,  the  pylorus  becomes  firmly  closed.  It  is  stated 
byMagendie  {Precis  ilemetUaire  de  Phytiologie^  Paris,  1836,  j).  83),  and  this 
view  is  adopted  by  some  physiologists,  that  the  pyloi-us  allows  matters  to  pass 
vith  difficulty  from  the  stomach  to  the  intestine,  but  that  regurgitation  from  the 
mtestine  to  the  stomach  is  comparatively  easy.  Tliis  opinion  is  based  up9n  an 
experiment  of  Magendie,  in  which  he  showed  that  air  contained  in  the  stomach 
ooold  not  be  forced  into  the  intestine  by  pressure  with  the  hands,  while  the 
pressure  easily  passed  air  from  the  duodenum  into  the  stomach.  {Loc.  cU.)  It 
most  be  remembered,  however,  that  the  muscular  fibres  of  the  pylorus  are  con- 
nected with  the  stomach,  and  not  with  tiie  intestine;  and  that  pressure  exerted 
upon  the  stomach  would  cause  them  to  contract,  but  pressure  upon  the  duodenum 
would  have  no  such  effect.  We  have  already  noted  that  during  a  quiescent  con- 
dition of  the  stomach,  these  fibres  are  relaxed. 
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to  tliorougUy  incorporate  the  food  with  the  digestive  flnidi 
and  expose  thos^e  parts  wbich  Lave  been  (?ompletelT  liqaefied 
to  t!ie  absorbent  action  of  the  niucotis  inembraBe, 

Though  the  mechanism  of  the  propokive  Diovemeota  of 
the  intestine  may  be  studied  in  living  animals  after  opeaii^ 
the  aMomen,  orj  better  stiUj  in  aniaials  just  killed,  ihm 
movements  thus  observed  do  not  entirely  correspond  irith 
thoBe  which  take  plaee  under  natural  conditions.  In  Tivi- 
BeetioBsi,  no  movenients  are  observed  at  fir^t ;  but  soon  aiVe 
oxpoeure  of  the  partB^  nearly  the  whole  iutedtme  mova$  like  ft 
mass  of  worms.  In  the  normal . process  of  digoation,  the 
movements  are  never  bo  general  nor  so  active;  thov  lak 
plaee  more  regnlarly  and  coneecntively  in  ihme  j>ortio 
iQ  which  the  contents  are  most  abundant,  and  the 
nients  are  intermittentj  being  interrupted  by  long  itit4*r- 
vals  of  repose-  lu  Prof*  Buseh's  case  of  intestinal  fistul 
there  existed  a  large  ventral  hernia,  the  coverings  of  whii 
were  m  tliin  that  the  peristaltic  movements  could  l>e 
ily  observed.  In  this  case,  the  general  character  of  tlie  move- 
ment's correspontled  with  what  has  been  observed  in  the  in- 
ferior  animals.  It  was  noted  that  the  n^vements  were  not 
continuous,  and  that  there  were  otl;en  intervals  of  r^t  fur 
more  than  a  quarter  of  an  hour.  It  was  aUo  observed  that 
the  movements,  as  indicated  by  flow  of  cbyraous  mattirr 
from  the  upper  end  of  the  intestine,  were  intermitted  wllh 
considerable  regularity  during  part  of  the  night.  After  Im 
or  eleven  p.  m.,  no  dischai^  took  place  for  six  or  seven  hourts 
Antiperistaltic  movementSj  producing  di,scharge  of  matter 
which  hfid  been  introdaeed  into  the  lower  end  of  the  inte^ 
tine,  were  frequently  observed.* 

As  far  as  has  been  ascertained  by  observations  upon  the 
human  subject  and  warm-blooded  animals,  the  regular  inte^ 
tinal  movements  are  excited  by  the  passage  of  alimentary 
matter  from  the  stomach  through  the  tube  during  the  niUU' 
ral  process  of  digestion.    By  a  verj'  slow  and  gradual  action 

*  Loe,  etc 
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of  the  mascolar  coat  of  the  iDtestine,  its  contents  are  passed 
along,  occasionally  the  action  being  reversed  for  a  time,  until 
the  indigestible  residue,  mixed  with  a  certain  quantity  of 
intestinal  secretion,  more  or  less  modified,  is  discharged  grad- 
ually into  the  caput  coli.  These  movements  are  apparently 
not  continuous,  and  depend  somewhat  upon  the  quantity  of 
matter  contained  in  different  parts  of  the  intestinal  tract.  If 
we  are  to  judge  from  the  movements  in  the  inferior  animals 
after  the  abdomen  has  been  opened,  the  intestines  are  con- 
stantly changing  their  position,  principally  by  the  action  of 
tlieir  longitudinal  muscular  fibres,  so  that  the  force  of  gravity 
does  not  oppose  the  onward  passage  of  their  contents  as 
much  as  if  the  relative  position  of  the  parts  were  constant. 
There  are  no  definite  observations  concerning  the  relative 
activity  of  the  peristaltic  movements  in  different  poitions  of 
the  intestine ;  but  from  the  fact  that  the  jejunum  is  constant- 
ly found  empty,  while  the  ileum  contains  a  considerable 
quantity  of  pultaceous  matter,  it  would  seem  that  the  move- 
ments must  be  more  vigorous  and  effective  in  the  upper  por- 
tions of  the  canal. 

The  gases  which  are  constantly  found  in  the,  intestine 
have,  according  to  Longet,'  an  important  mechanical  func- 
tion. They  are  useful,  in  the  first  place,  in  keeping  the  ca- 
nal constantly  distended  to  the  proper  extent,  thus  avoiding 
the  liability  to  disturbances  in  the  circulation,  and  facilita- 
ting the  passage  of  the  alimentary  mass  in  obedience  to  the 
peristaltic  contractions.  They  also  support  the  walls  of  the 
intestine  and  protect  these  parts  against  concussions  in  walk- 
ing, leaping,  etc.  The  gases  are  useful,  likewise,  in  offering 
an  elastic  but  resisting  mass  upon  which  the  compressing  ac- 
tion of  the  abdominal  musclei3  may  be  exerted  in  the  acts  of 
straining  and  expiration.  If  we  could  suppose  the  intestinal 
tube  to  be  entirely  free  from  gaseous  contents,  it  is  evident 
that  the  functions  above  mentioned  would  be  perfonned 
imperfectly  and  with  difficulty. 

*  LoxoET,  Traite  de  Phyitiologie^  Paris,  1868,  tome  1,  p.  176. 
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There  can  be  hardly  any  question  that  the  normal 
inent^  of  the  intestine  are  principally  due  to  the  impression 
made  upon  the  mucous  membrane  by  the  alimeiitju'v  m:u* 
tersj  to  wliieh  ia  added,  perhaps^  the  etimulant  action  *if  the 
bile.  It  is  difficult  to  detemiine  with  aecimicy  what  part 
the  bile  plajs  in  the  production  of  these  movements,  fimm 
the  fact  that  the  normal  action  of  the  intestine  is  not  eagily 
observed.  In  the  caae  of  inteatiual  fi^stnla  so  often  referred 
to,  when  fiml  was  introduced  into  the  lower  end  of  the 
eanal,  there  was  at  fii'st  an  abundant  evacimtion  every, twen- 
ty-four hours ;  but  Bubsequently  it  became  neoeasarj^  to  use 
enenieta.  there  was  no  communication  between  the 

lower  and  the  upper  end  of  the  intestinej  thh  fact  is  evi- 
dence that  the  peristaltic  movenient?^  can  take  place  with- 
out the  action  of  the  bile,  Ex|>eriments  upon  tlie  inferior 
animals  concerning  the  influence  of  the  l>ile  upon  the  peri- 
fitaltie  movements  are  somewhat  contradictory,  liVTieti  the 
abdomen  is  opened  during  life,  vigorous  movements  may 
sometimes  be  excited  by  pressing  bile  Into  the  inteetine  frotii 
the  gall-bladder ;  and  the  same  result  is  occasionally  observetl 
when  the  bile  is  applied  to  the  peritoneal  surface  in  an  ani- 
mal recently  killed*  But  the  various  experiments  lu  whicli 
the  bile  has  been  diverted  from  the  intestine  and  discliarged 
by  a  tistula,  taking  the  frequency  of  the  alvine  dejections  as 
a  test,  show  that  regular  peristaltic  movements  may  take 
place  without  the  intervention  of  the  bile. 

The  vigorous  peristaltic  movements  which  occur  soon  after 
death  have  been  explained  in  various  ways.  It  has  been 
ebown  that  these  movements  are  not  due  to  a  lowering  of  the 
in  temperature,  or  to  e3qM)sure  of  the  iDtestiue^  to  the  air. 
The  latter  fact  may  be  easily  verified  by  killing  a  rnhbi 
when  vigorous  movements  may  be  seen  through  the  thin  a' 
dorainal  wallSj  even  while  the  cavity  is  unopened*  Accord' 
to  Schiffj  Uie  only  cause  of  these  eisaggerated  movements  k 
diminution  or  arrest  of  the  circulation.  Tins  physiologist,  by 
compressing  the  abdominal  aorta  in  a  living  animal,  was  able 
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to  excite  perisultit:  juuveinunts  in  the  intestine  as  Yigoroiis  m 
th(m  which  take  place  after  death  ;  and  on  ceasiag  the  com- 
preeeion,  the  movements  were  arrei*ted.^ 

The  nerves  which  are  distributed  to  the  gmaU  intestine 
are  derived  ahnoat  exeluaively  ironi  the  sympathetic  sjBtem, 
The  only  part  receiving  filaments  from  the  cerebro-spinal  cen- 
tres k  the  eomniencement  of  the  duodenum,  to  which  are  dia- 
tributed  a  few  branches  from  the  pneumogastric.  The  experi- 
meut:;  of  Bracbet/  by  which  he  attempted  to  prove  that  the 
movements  of  the  intestines  w^ere  imder  the  control  of  the 
pneumogastric  and  nerves  emanating  from  tlie  spiinil  cord, 
have  not  been  verified  by  other  observers.  Recent  ex- 
periments render  it  probable  that  an  inflnencej  derived 
from  the  cerehroHSpinal  system,  is  essential  to  the  functions 
of  the  sympathetic  ganglia,*  which  may  account  for  some 
of  the  results  obtained  by  Braehet  after  dividing  the  spinal 
eord.  The  experiments  of  Miiller,  however,  render  it  cer- 
tain that  the  peristaltic  movements  are  to  some  extent  under 
the  influence  of  the  sympathetic  nerves  di:^tributed  to  tlie  in- 
testines. In  these  experiments,  movements  of  the  inte^itine 
were  produced  by  galvanisiation  of  filaments  of  the  sympa- 
thetic distributed  to  its  museuhxr  coat,  after  the  ordinary  post- 
mortem movements  had  cea.sed-  The  same  results  followed 
the  application  of  caustic  potash  to  the  semiltmar  ganglia, 
the  niovenents  reappearing  when  the  potash  was  applied, 
"with  extraordinary  vivacity  "  in  the  rabbit  after  the  abdo- 
men had  Ijeen  opened  and  the  movements  had  entirely 
ceased**  These  experiments  have  been  confirmed  by  Lou  get, 
who  found,  however,  that  the  movements  did  not  take  place 

*  ScHii^f,  in  LoKdCff  Trmii  de  Fhtfdoioffirt  Faris,  IS 68,  tome     p.  Ul. 
BsAcast  WT  FouiLnocx,  Mm^GpidU  di»  Sdeneet  M^Madm  {Anatlomu  ei 

i^^off^iV),  Ttti^  1840,  tome  v.,p^  268. 

*  QlttxiiiD,  Mffh^thts  Exp^rimfntakt  ntr  Itt  Nisrf*  Vts*tulmrr9  d  Cahrifiptrs 
Ai  fffumi  B^p€Uhiqm.^QHrHai  de  h.Ph^hto^  PftTW,  1802^  tome  v.,  p. 

m, 

lomsf  If  p.  122, 
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unless  alimentarj  matters  were  contained  in  the  intes- 
tine.* 

It  must  be  acknowledged  that  very  little  is  known  con- 
cerning the  reflex  actions  which  take  place  through  the  sym- 
pathetic system ;  but  there  is  certainly  good  ground  for  sup- 
posing that  certain  reflex  Amotions  are  performed  by  this 
system  of  nerves,  one  of  the  most  important  of  which  is  the 
production  of  peristaltic  movements  in  obedience  to  the  im- 
pression made  by  alimentary  substances  upon  the  mucous 
membrane.  This  impression  is  probably  conveyed  to  the 
semilunar  ganglia  and  reflected  back  through  the  motor 
nerves  to  the  muscular  coat  of  the  intestine. 


*  LoNGXT,  TraiiS  de  Fhynoio^U^  Paris,  1868,  tome  L,  p.  172. 
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ACnON  OF  THE  LABOE  INTE8TIKEL 

Fiij'iMof^cftl  mijitcmy  of  the  large  intestino — Divisions  of  tJio  lar^ge  mtesUne — 
HfO-caiecid  vulTre^Digeation  in  the  large  intestine — Contcdta  of  the  large  in- 
lestine — Compositioti  of  the  fteces — Microscopic  clmrncters  of  the  fcecea — ^Ei* 
CTetine  and  excretoleic  acid — Sl<?rcorine — Origin  of  atereorine — SuntmAry  of 
the  constitution  of  the  fast;^ — Movetncuta  of  tlie  large  iatcstine-^Defecntion 
— AclioD  of  the  sphincter  und  the  levator  ani— Gasea  fonmt  in  the  alimentary 
canal — Ongin  of  the  Idteslieial  gsses. 

PhyBiologkal  Anatomy  of  ike  Large  Intestine^ 

The  large  intestine^  m  called  because  its  diameter  is  great- 
er than  that  of  the  rest  of  the  intestinal  tract,  receives  for 
the  most  part  only  tlie  indigestible  residue  of  the  foodj 
mingled  with  certain  uf  the  eeeretioos  which  arc  discharged 
into  the  imall  intestine.  In  the  human  subject,  the  processes 
of  digestion  which  take  place  in  this  part  of  the  alimentary 
eanal  are  unimportant ;  and  it  is  probable  that  hardly  any 
thing  but  water  is  absorbed  by  it^  lining  membrane*  Mat- 
ters  are,  however,  stored  up  in  the  large  intestine  for  a  trnm* 
ber  of  hours,  and  a  certain  amount  of  secretion  takes  place 
Irom  its  follicular  glands. 

The  entire  length  of  the  large  intestine  is  from  four  to 
six  feet.  Its  diameter  is  greatest  at  ita  commencementj  where 
it  meaiures^  when  moderately  distended,  from  two  and  a  half 
to  three  and  a  half  inches*  According  to  the  observations 
of  Brinton,  the  average  diameter  of  the  tube  beyond  the 
OiCecum  is  frotu  one  and  two  thirds  to  two  and  two-thirds 
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inches/  Passing  from  the  csecum,  tlie  canal  diminishes  in 
caliber,  gradually  and  very  slightly,  to  Tvhere  the  gigmoid 
flexure  opens  into  the  rectum.  This  is  the  narrowe&t  portion 
of  the  canaL  Beyond  this^  the  reetnra  gradnally  increases 
in  diameter,  forming  a  Idnd  of  pouch,  which  abniptly  di- 
minishes in  size  near  the  external  opening,  to  form  the  antig. 

The  general  direction  of  the  hxrge  intestine  is  from  the 
esecum  in  the  right  iliiic  fi>Sftaj  to  the  left  iliac  fos^,  tlius  sur- 
rounding the  convoluted  mass  formed  by  the  small  intcstiDe, 
in  the  form  of  a  lior&e-shoe.  From  the  ciecuin  to  the  rectnm 
the  canal  h  known  as  the  colon.  The  first  division  of  the 
colon,  called  the  ascending  colony  passes  alm<i6t  dirci*tly  ap* 
ward  to  the  under  iinrface  of  the  liver ;  the  canal  here  tuni« 
at  nearly  a  right  angle,  passes  across  the  upper  ptirt  of  the  ah* 
domen,  and  is  called  the  transverse  colon ;  it  then  parses  down- 
ward at  nearly  a  right  angle,  forming  the  descending  ct>h>ii. 
The  last  division  of  the  colon,  called  the  sigmoid  Hexnre,  h 
situated  in  the  left  iliac  fossa  and  is  in  the  fonn  of  Hie  itailic 
letter  S.  This  terminates  in  the  rectum,  which  is  notstr 
as  its  name  would  imply,  hut  presents  at  least  tliree  disi.;  : 
curvatures,  as  follows:  it  passes  first  in  an  oblique  direction 
from  the  left  Bacro-iliac  symphysis  to  the  median  line  op- 
posite the  third  piece  of  the  sacrum ;  it  then  pitsses  down- 
wardj  in  tlie  median  line,  following  the  concavity  of  the 
(^rmn  and  coccyx ;  and  the  lower  portion,  about  an  inch  in 
length,  turns  backward  to  terminate  in  the  wans* 

The  fonn  of  the  large  intestine  is  peculiar.  The  ca>ciit% 
or  caput  coli,  presenta  a  rounded  dilated  cavity,  eontinno 
with  the  colon  above,  and  communicating  by  a  trans ven?€?  h 
with  the  ileum.  At  its  lower  portion  is  a  Bmall  cylindrical 
tube,  from  one  to  five  inches  in  length,  opening  below  and  a 
little  posterior  to  the  opening  of  the  ileum,  called  the  Temii* 
form  appendix  This  is  covered  witii  peritoneum,  and  h  po&- 
&essed  of  a  muscular  and  a  mucous  coat.  It  is  ionietimei^  en- 
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tirely  free,  and  is  sometimes  provided  with  a  slioit  fold  of 
mesentery  for  a  part  of  its  length.  The  coats  of  the  appen- 
dix are  very  thick.  The  muscular  coat  consists  of  longitudi- 
nal fibres  only.  The  mucous  membrane  is  provided  with 
tubules  and  closed  follicles,  the  latter  frequently  being  very 
numerous.  This  little  tube,  which  is  only  about  one-third 
of  an  inch  in  diameter,  generally  contains  a  quantity  of  clear, 
viscid  mucus.  Particles  of  fsecal  matter  and  extraneous  sul>- 
Btances,  such  as  seeds,  sometimes  find  their  way  into  its  cavi- 
ty, and  producing  ulceration,  they  may  escape  into  the  peri- 
toneal cavity  and  induce  fatal  inflammation.*  The  uses  of 
the  vermiform  appendix  are  unknown. 

Ileo-ccecal  Vdhe, — The  most  interesting  anatomical  pecu- 
liarity of  the  cfficum  is  the  opening  by  which  it  receives 
the  contents  of  the  small  intestine.  This  opening  is  ar- 
ranged in  the  form  of  a  valve,  known  as  the  ileo-ciecal  valve, 
situated  at  the  inner  and  posterior  portion  of  tlie  csecum. 
The  small  intestine,  at  its  termination,  presents  a  shallow 
concavity,  which  is  provided  with  a  horizontal  button-hole 
slit  opening  into  the  ccecum.  The  surface  of  the  valve 
which  looks  toward  the  small  intestine  is  covered  with  a  mu- 
cous membrane  provided  with  villi  and  in  all  respects  re- 
sembling the  general  mucous  lining  of  the  small  intestine. 
Viewed  from  the  ceecum,  a  convexity  is  observed  correspond- 
ing to  the  concavity  upon  the  other  side.  The  ccecal  surface 
of  the  valve  is  covered  witli  a  mucous  membrane  identical 
with  the  general  mucous  lining  of  the  large  intestine.  It  is 
evident  from  an  examination  of  these  parts  that  pressure 
from  the  ileum  will  open  the  slit  and  allow  the  easy  passage 
of  the  semi-fluid  contents  of  the  intestine ;  but  ]>ressure  from 

*  During  Intra-uterine  life,  the  cscum  13  rt'latively  much  larger  than  in  the 
adult.  It  afterward  retracts  in  its  lower  half  or  two-thirds  to  about  the  diam- 
eter of  a  crow^oill,  and  this  forms  the  appendix  vcrmiformis.  This  appendix 
vdatii  only  in  man  and  the  quadnimana.  (Safpey,  Trailv  (TAnatomie  Descrl^^imt^ 
Pant,  1874,  tome  iv.,  p.  260.) 


the  ciecal  side  will  approximate  the  lii^s  of  the  valve,  and 
the  greater  the  pregfiare  the  more  firmly  will  the  openiiig  lie 
eloeed.  The  val  ve  itself  is  composed  of  folds  involving  the 
white  fibrous  tissue  of  tht?  iiite&tine  (the  caHular  tonic  of  some 
anatoungt^),  and  the  circular  muscular  fibres  from  both  the 
dmaU  and  the  large  intestine ;  the  whole  being  co%'©ped  with 
mucous  membrane.  The  lips  of  the  valve  unite  at  either 
extremitj  of  ttie  slit  and  are  prolonged  on  the  inner  ^nrtime 
of  the  cs&cumj  forming  two  raised  bands  or  bridles  j  and  these 
become  gradually  eflkced  and  are  thus  continuons  with  the 
general  lining  of  the  caual.  The  posterior  bridle  ii»  a  lit- 
tle longer  and  more  prominent  than  the  auterion  These 
asfiist  somewhat  in  enabling  the  valve  to  resist  pressure  fro 
the  eieeal  eide.  The  longitudinal  layer  of  muscular  fib 
and  the  peritoneum  pass  directly  over  the  attached  edge  of 
the  valve  and  are  not  involved  in  its  foldis,  The§e  gi 
strength  to  the  part,  and  if  they  be  divided  over  the  vtl 
gentle  traction  will  enffice  to  draw  out  and  obliterate  the 
ibldS|  leaving  a  simple  and  unprotected  commnui cation  be- 
tween the  large  and  the  small  intc&tine» 

Peritmifal  Coat — ^Like  most  of  the  other  abdoniiual  vij^ 
cera,  the  largo  intestine  is  covered  by  peritoneum.  The 
decum  is  covered  by  this  membrane  only  anteriorly  and 
laterally.  It  is  nsuallj  bound  down  closely  to  the  ^ubjaooDt 
partSj  and  its  posterior  surface  is  without  a  serous  investtuefil ; 
though  sometimes  it  is  completely  cx)vered,  and  there  may 
be  even  a  short  inesocfccum.  The  ascending  colon  is  like- 
wise covered  only  in  front,  and  is  closely  tittached  to  the 
«;ubjacent  parfe.  The  same  arrangement  is  found  in  tfe^ 
descending  colon.  The  transverse  colon  is  almost  completely 
invested  with  peritoneum  ;  and  the  tvv*o  folds  fonning  the  tran.-^ 
verse  mesocolon  split  to  pass  over  the  tube  above  and  below, 
nniting  again  in  front  to  fonn  the  great  omentum.  The  tmis- 
verse  ijolon  is  consequently  quite  movable-  In  the  r-  f 
the  colon  and  the  upper  part  of  the  rectuuu  particu.  i 
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ihe  transverse  colon,  are  found  a  number  of  little  sacculated 
pouches  filled  with  fat,  called  the  appendices  epiploic®. 
The  sigmoid  flexure  of  the  colon  is  invested  with  peritoneum, 
except  at  the  attachment  of  the  iliac  mesocolon.  This  divi- 
sion of  the  intestine  is  capable  of  considerable  motion.  The 
upper  part  of  the  rectum  is  almost  completely  covered  by 
peritoneum,  and  is  but  loosely  held  in  place.  The  middle 
portion  is  closely  bound  down,  and  is  only  covered  with  peri- 
toneum anteriorly  and  laterally.  The  lowest  portion  of  the 
rectum  has  no  peritoneal  covering. 

MuBcular  Coat — The  muscular  fibres  of  the  large  intes- 
tine have  an  arrangement  quite  different  from  that  which 
exists  in  the  small  intestuie.  The  external,  longitudinal 
layer,  instead  of  extending  over  the  whole  tube,  is  arranged 
in  three  distinct  bands,  which  commence  in  the  ca*cum  at 
the  venniform  appendix.  Passing  along  the  ascending  co- 
lon, one  of  the  bands  is  situated  anteriorly,  and  the  others 
latero-posteriorly.  On  the  transverse  colon,  the  anterior  band 
becomes  inferior,  and  the  two  latero-posterior  bands  become 
respectively  postero-superior  and  postero-inferior.  On  the  de- 
scending colon  and  the  sigmoid  flexure,  the  muscular  bands 
resume  the  relative  position  which  they  had  on  the  ascending 
colon.  As  these  longitudinal  fibres  pass  to  the  rectum,  the 
anterior  and  the  external  bands  unite  to  pjiss  down  on  the 
anterior  surface  of  the  canal,  while  the  posterior  band  passes 
down  on  its  posterior  surface.  Thus  the  three  bands  are  here 
formed  into  two.  These  two  bands  as  they  pass  downward, 
though  remaining  distinct,  become  much  wider ;  and  longitu- 
dinal muscular  fibres  commencing  at  the  rectum  are  situated 
between  them,  so  that  this  part  of  the  canal,  especially  in  its 
lower  portion,  is  covered  with  longitudinal  fibres  in  a  pretty 
uniform  layer. 

The  termimation  of  the  muscular  fibres  of  the  rectum  has 
been  closely  studied  by  Sappey.  He  has  found  that  as  far 
as  their  terminations  are  concerned,  the  fibres  may  be  divided 
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into  an  external,  a  niiJdle,  and  an  iutorual  layer*  The  tM»-. 
terior  fibres  of  the  external  layer  ym^s  away  from  the  \owef 
portion  of  tbe  reetumj  are  reflected  backvv^ard  along  the  coii- 
caWty  of  the  saerum,  and  are  attached  to  the  proinontorr- 
These  fibres^  whicli  are  generally  pale,  Sappey  proposes  to 
designate  as  retmctor^  of  the  anns.  A  few  of  tbe  p^jsterior 
fibres  are  attached  to  the  aponeurosis  and  the  parts  he t ween 
the  coocj^  and  the  promontory.  In  front,  tlie  external  fibr 
are  attached  to  the  aponeuroeia  which  oorers  tbo  veBicnhe 
semi  n  ales  J  and  laterally  they  are  inserted  into  the  deep  pel- 
vic fascia.  The  terminatiou  of  the  middle  layer  of  tiw 
fibres  h  less  clearly  made  out.  Those  Bituated  at  the  sides 
of  tlie  rectum  are  inserted  into  a  very  dm^  cellulo-filjroiij 
band,  which,  by  its  opposite  surface,  give^  insertioii  to  a 
great  iimiiber  of  fibres  of  the  levattir  ani/'  The  others  are 
many  of  them  continuous  with  the  fibres  of  the  levator 
ani  as  they  pass  along  the  floor  of  the  pelria  Some  of  the 
fibres  of  tbe  deep  layer  are  attached  by  little  tendons 
which  pass  between  the  external  and  the  infernal  ^phinct 
to  tbe  deep  portions  of  tJie  skin  which  encircle  the  atma,* 
The  importance  of  closely  studying  the  attachments  of  ilten; 
fibres  will  be  appreciated  when  we  come  to  treat  of  defecatiuti. 

Over  the  caecum  and  the  colon,  the  anterior  band  of  ma^ 
enlar  fibres  is  from  one-third  to  one-half  an  inch  in  widtli* 
The  postero-external  band  is  not  more  than  half  as  wide,  and 
the  postero-internal  band  is  even  narrower.  The  tntueular^ 
bands  are  much  shorter  than  the  canal  itselt*  and  tlieir  j 
ment  to  the  walls  gives  the  intestine  a  peculiar  sacculated  &i>- 
pearance.  That  this  is  produced  by  the  an'angement  of  the 
muscular  fibi^es  may  l>e  demonstrated  by  dividing  them  in 
various  places  or  removing  them  entirely,  when  the  canal  may 
be  extended  to  double  iU  original  length,  Cetwcen  tlie  bandit 
there  are  no  longitudinal  nmscidar  fibi*es;  but  circular  ur 
transverse  mnscnilar  fibres  exist  throughout  the  whole  lengLk 
of  the  large  intestine.    In  the  cfecum  and  colon^  the  etretilar 

*  SiFFEYj  Traits  d*ahulomir^  Puria,  1874,  tome  ir.,  p.  26S  fi 
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fibres  are  so  pale  and  the  layers  are  so  thin  that  their  pres- 
ence is  demonstrated  with  great  difficulty.  In  the  rectum 
they  are  somewhat  more  numerous.  About  an  inch  above 
the  anus  the  circular  fibres  are  collected  into  a  pretty  well- 
marked  muscular  ring,  which  has  been  called  the  internal 
sphincter. 

Mucous  Coat. — The  mucous  lining  of  the  large  intestine 
presents  several  important  points  of  difference  from  that  which 
is  found  in  the  small  intestine.  It  is  paler,  soraewliat  thick- 
er, firmer,  and  more  closely  adherent  to  the  subjacent  parts. 
In  no  part  of  this  membrane  are  tliere  any  folds,  like  tiiose 
which  form  the  valvulie  conniventes  of  the  small  intestine ; 
and  the  surface  is  perfectly  smooth  and  free  from  villosities. 

Throughout  the  entire  membrane,  from  the  ileo-caecal 
valve  to  the  anus,  are  innumerable  orifices  which  lead  to 
simple  follicular  glands.  These  structures  resemble  in  all 
respects  the  follicles  of  the  small  intestine,  except  that  they 
are  a  little  longer,  owing  to  the  greater  thickness  of  the  mem- 
brane, and  are  wider,  and  rather  more  numerous.  Among 
these  small  follicular  openings  are  found,  scattered  irregularly 
throughout  the  membrane,  larger  openings  which  lead  to 
utricular  glands,  resembling  the  closed  follicles,  in  general 
structure,  except  that  they  have  an  orifice  opening  into  the 
cavity  of  the  intestine,  which  is  sometimes  so  large  as  to  be 
visible  to  the  naked  eye.*  The  number  of  these  glands  is  very 
variable,  and  they  are  irregularly  disseminated  throughout  the 
intestine  in  company  with  the  closed  follicles,  except  in  the 
rectum,  where  they  are  absent.  In  the  caecum  and  colon,  a 
number  of  isolated  closed  follicles  are  generally  found,  which 
are  identical  in  structure  with  the  solitary  glands  of  the  small 
intestine.  These  are  exceedingly  variable,  both  in  number 
and  size. 

The  mucous  membrane  of  the  rectum,  in  the  upper 
three-fourths  of  its  extent,  does  not  differ  materially  from  that 

'  Sappev,  op.  ci/.jtome  iv.,  p.  248- 


of  the  colon.  In  tbe  lower  fourth^  the  fibrotts  tissoe  by  which 
the  lining  membrane  is  united  to  the  subjacent  mudcular 
coat  16  loose,  and  tbe  membrane,  when  tbe  canal  is  emptTj  is 
thrown  into  a  great  number  of  irregular  faldiv  At  tlie  &itc 
of  the  internal  Bphincter,  five  or  six  little  gemilunar  valves 
have  been  observed  with  their  concavities  directed  toward  tha 
colon*  These  form  an  irregular  festooned  line  which  surroniidd 
the  canal ;  their  folds,  however,  are  email  and  have  bo  tenden- 
cy to  obstruct  the  pa&^age  of  faecal  raatters.  The  simple  folli- 
cles are  particularly  abundant  in  the  rectiim,  and  the  mom* 
brane  is  constantly  covered  with  a  thin  coating  of  macttsu 
Another  peculiarity  to  be  noted  in  the  mneons  membraoe 
of  the  lower  portions  of  the  rectum,  is  iU  great  vascularity  j 
the  veins,  especially  j  being  veiy  numerons. 

Finally,  the  rectnra  terminates  in  the  anus,  a  bntton*hole 
orifice,  situated  a  little  in  front  of  the  coceyx^  which  is  kept 
do&ed  and  somewhat  retracted^  excei>t  daring  the  parage  *>r 
the  fieces,  by  the  powerful  external  sphincter*  This  majsele 
is  composed  entirely  of  red  or  striated  fibres,  which  are  ar- 
ranged in  the  form  of  an  ellipse,  its  long  diameter  being 
antero-posterior. 

It  is  now  almost  tmiver&ally  admitted  that  the  digestion  of 
all  clasges  of  alimentary  substances  is  completed  eitiier  in  the 
stomach  or  the  small  intestine,  and  that  the  mucous  membrane 
of  the  large  intestine  does  not  secrete  a  fluid  endowed  wiUi 
any  well-marked  digestive  properties.  Tbe  simple  tbllicles^ 
the  closed  folhcle^,  and  tlie  utricular  glands,  produce  a  glairy 
mucus,  which,  as  far  m  we  know,  serves  merely  to  lubricate 
the  can  ah  This  has  never  been  obtiiined  in  sufficient  quan- 
tity to  admit  of  any  accurate  investigation  into  iUproperti^/ 

'  II  IB  now  pretty  generallv  coaci^ded  hy  }>raetic&l  pbjstdttni  iht,t  il  is  |m»4i^ 
mhle.  to  eyppori  the  fiuI  powers  for  «  tiiue  bj  mitneot  m^tU'f^  ititroditceil  inUt, 
the  Lu^e  tntesti&e  hj  itijeetion.  As  cun  imdilj  b@  utnlcrsLtooiJ^  Uu*r«  ^n*  ob* 
■tndei  in  the  emplojmeQi  of  thii  method  of  ftiunentiitlmi  which  r^id^r  lU  ap> 
plication  difficult,  if  not  impossible,  m  mmy  cmses. ;  but  lnHtHiK^je  h«r«  bmn 
reported  in  which  it  nas  been  used  for  a  long  time  with  complete  sitccrta.  Om 
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In  Btadying  the  changes  which  the  alimentary  mass  un- 
dergoes in  its  passage  through  the  small  intestine,  we  have 
seen  that  in  this  portion  of  the  canal  the  great  part  of  all 
the  nutritive  material  is  not  only  liquefied,  but  absorbed. 
Sometimes  fragments  of  muscular  fibre,  oil-globules,  and  other 
matters  in  a  state  of  partial  disintegration  are  to  be  detected 
in  the  f»ces  by  the  microscope ;  but  generally  this  is  either 
the  result  of  taking  an  excessive  quantity  of  these  substances, 
or  it  depends  upon  some  derangement  of  the  digestive  ap- 
paratus; though  muscular  fibres  deeply  colored  with  bile, 
but  still  distinctly  striated,  were  constantly  found  in  the 
fseces  by  Wehsarg.*  When  intestinal  digestion  takes  place 
with  regularity,  the  transformation  of  the  alimentary  mass 
into  fffical  matter  is  slow  and  gradual.  As  the  contents  of 
the  stomach  are  passed  little  by  little  into  the  duodenum,  the 
chymous  mass  becomes  of  a  bright-yellow  color,  and  its 
fluidity  is  increased,  from  the  admixture  of  bile  and  pancre- 

of  the  moBt  remarkable  of  these  was  reported  in  the  Atrterican  Journal  of  the 
Medical  Sciences,  October,  1862,  by  Dr.  J.  L.  Pierce.  In  this  case,  the  patient, 
ft  female  about  twenty-six  years  of  age,  suffered  from  a  disorder  of  the  stomach, 
in  which  all  articles  of  food  were  rejected  within  a  few  moments  after  they  had 
been  taken.  She  was  actually  in  danger  of  death  from  inanition,  when  it  was 
proposed  to  nourish  her  entirely  by  enemata.  Under  the  direction  of  her  physi- 
dan,  ahe  took  injections  of  lamb  or  mutton  broth,  about  half  a  pint  at  a  time,  every 
three  hours,  for  about  three  months.  During  the  first  week  of  this  treatment, 
she  was  allowed  occasionally  a  little  gum-arabic  water  or  pure  water,  not  to  ex- 
oeed  a  teaspoonful  at  a  time ;  but  after  that,  nothing  was  taken  by  the  mouth. 
Under  this  treatment  the  patient  improved  in  health  and  strength,  began  grad- 
ually to  take  food  by  the  mouth  at  the  end  of  three  months,  and  finally  recovered. 
(Loc,  «7.,  p.  671  el  teg.) 

It  is  difficult  to  determine  whether  nutritive  matters  thus  introduced  into  the 
large  intestine  undergo  any  change  which  maybe  likened  to  digestion;  but 
there  can  be  no  doubt  that  they  are  in  great  part  absorbed.  A  French  experi- 
menter, M.  Bouisson,  reports  an  observation  in  which  a  dog  was  first  purged, 
then  kept  fasting  for  two  days,  when  a  quantity  of  milk  was  ii^'ected  into  the 
large  intestine.  The  animal  was  killed  a  short  time  after,  and  the  lymphatics  from 
the  large  intestine  were  found  filled  with  white  chyle.  (Audea  tur  le  ChyU.^ 
OoMette  Midicale  de  Paris,  1844,  tome  xii.,  p.  622.) 

■  Wkbbaro,  MUcroBcopisehe  ttnd  chemiche  Unicrnurhungen  dcr  Faeces  ge* 
sunder,  erwaehscner  Menschen^  G  lessen,  1853,  p.  66. 
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atic  fluid.  In  passing  along  the  canal,  tbe  oansktenca 
the  fliass  gradaallj  diminishes,  from  the  absorption  of  its  li- 
quid portions,  and  the  color  beeome^i  darkeir;  and  bj  the  time 
that  the  contents  of  the  ileum  ai'e  ready  to  pai^  into  the 
csecuin^  the  greatest  part  of  those  snbstances  which  we  hare 
iwognized  as  alinientaTj  principle  have  become  changed  aa^ 
absorbed.  The  various  fonna  of  starchy  and  saccharine  pria 
ciples^  unless  thej  have  been  taken  in  excessive  quantity, 
disappear  from  the  intestine ;  and  the  glucose,  which  is  the 
suit  of  their  digestion,  may  be  recognized  in  the  blotxl  of  tho 
portal  system.  As  a  rule,  fatty  matters  are  not  frmnd  in  tlie 
lower  part  of  the  iknim,  having  passed  into  tlie  lacteals  in 
the  form  of  an  emulsion-  Keitber  fibrin,  albumen,  nor 
caseine  can  be  detected  in  the  ileum ;  and,  as  wo  have  eeen, 
the  muscular  substance,  as  recognized  by  its  microscopic 
characters,  becomes  gradually  disintegrated  and  is  lost— ex* 
cept  a  few  isolated  fragments  deeply  colored  with  bile — aon^, 
time  l^efore  the  undigested  residue  passes  into  the  large  in* 
testine. 

In  the  human  snbjectj  those  portions  of  the  fi>*Ki  which  re- 
sist the  successive  and  combined  action  of  the  dilferent  dige^^- 
tive  secretions,  are  deriveil  chiefly  from  the  vegetable  k ' ' 
Hard  veojetable  seedii,  the  cortex  of  the  cereals,  spiral 
and,  in  fine,  all  parts  which  are  composed  largely  of  eeUuIose, 
pass  through  the  intestinal  caTial  without  much  change. 
These  substances  ibnn,  in  the  faeces,  the  greatest  part  of  what 
can  be  rec^ognized  as  the  residue  of  matters  taken  as  fi>od«  It 
is  well  known  that  an  exclusively  animal  diet,  pjirticularly  if 
the  nutritions  principles  be  taken  in  a  concentrated  aiid  reaii- 
ily-ai^imilable  form,  leaves  very  little  undigested  matter  lo 
jmn^s  into  t!ie  large  intestine,  and  gives  to  the  fjeces  a  eba 
ter  quite  diflcreut  from  that  which  is  observed  in  herl*ivonj 
ETiinials,  or  in  man,  when  snbjet^teil  to  an  exclusively  ve^ 
table  diet*  The  characters  of  the  residue  of  the  iligestion  of 
albuminoid  substances  ai^  not  very  distinct.  As  a  niltst, 
none  of  the  albuminoids  are  to  be  recognized  in  the  hoaltliv 
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faeces  by  the  ordinary  tests.  This  has  been  ascertained  by 
Braconnot,  by  experiments  on  pigeons,  and  by  Blondlot,  by 
experiments  on  dogs.  Blondlot  fed  a  dog  for  eight  days 
with  hashed  beef  mixed  with  abont  a  qnarter  of  its  weight 
of  liquid  albumen,  and  never  could  detect  either  albumen 
or  fibrin  in  the  faices.  He  fed  the  same  dog  for  four  days 
on  the  spongy  structure  of  bones  roughly  comminuted  in  a 
mortar,  and  by  heating  the  fseces  with  water  in  a  Papin's 
digester,  he  was  unable  to  extract  any  gelatine.*  Of  the 
various  animal  substances  which  may  find  their  way  into  the 
alimentary  canal,  mucus  is  apparently  the  most  refractory 
to  the  action  of  the  digestive  fluids,  none  of  which  seem  to 
afiect  it  in  the  slightest  degree.  In  normal  alimentation,  then, 
the  quantity  of  nitrogenized  matter  which  escapes  digestion 
is  very  slight,  consisting  chiefly  of  tendinous  or  ligamentous 
structure,  elastic  tissue,  skin,  and  tissues  of  like  nature.  When 
the  quantity  of  animal  matter  taken  is  excessive,  the  residue 
is  greater,  but  the  principles  are  in  a  putrescent  condi- 
tion and  cannot  usually  be  recognized  by  their  ordinary 
characters. 

Many  insoluble  inorganic  substances  are  t^ken  with  the 
food  and  appear  unchanged  in  the  lioeces.  The  faeces  of 
dog»  fed  exclusively  on  bones,  which  were  formerly  adminis- 
tered internally  as  a  remedy  for  epilepsy,  under  the  name  of 
album  GrcBCum^  are  composed  almost  entirely  of  calcareous 
matter.  With  regard  to  the  ordinary  inorganic  constituents 
of  the  fffices,  however,  it  is  difficult  to  say  how  much  is  de- 
rived from  the  ingesta,  and  how  much  from  the  different  in- 
testinal secretions. 

Contents  of  the  Large  Intestine. 

When  the  contents  of  the  small  intestine  have  passed  the 
ileo-caecal  valve,  they  become  materially  changed  in  their 
general  character,  partly  from  admixture  with  the  secretions 
of  this  portion  of  the  canal,  and  are  then  known  as  the  faeces. 

'  Blondlot,  TrmU  Analytxque  de  la  Digettion^  Puns,  1843,  p.  441. 
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The  iiif>st  palpable  of  these  cbangei  relnte  to  oonsisteiiee, 
coloFj  and  odor. 

F^cal  matter  has  a  much  firmer  consistence  than  the 
eontente  of  the  ileum ;  which  due  to  a  constant  ateorj*- 
tion  of  the  liquid  portJona.  A*  a  nile,  the  eoDtist^oce 
^eat  111  proportion  to  the  length  of  time  that  the  fieeces  iie- 
main  in  the  large  intestine  |  and  this  h  variable  in  diiFerent 
perscms  and  in  the  same  persop,  in  health,  depending  some* 
what  npon  the  character  of  the  food^ 

The  color  changes  from  the  yellow,  more  or  less  bright, 
which  is  observed  in  the  ileum  ^  to  the  dark  yellowish -brown, 
characterigtic  of  the  faeces.  Though  the  litlc-pigraent  cannot 
usually  lie  recognized  by  the  ordinary  test*,  it  is  this  whidi 
gives  to  the  contents  of  the  large  intestine  their  peeaUar 
mlor^  which  h  lost  when  the  bile  is  not  discharged  into  tlie 
duodenunu  In  a  specimen  of  healthy  human  tierces  wliich 
iiad  been  dried,  e:«ctrocted  with  alcohol,  the  alcoholic  solution 
precipitated  with  ether,  and  the  precipitate  dissoh'sed  m  dis- 
tilled water,  we  failed  to  detect  the  slightest  trace  of  the 
biliary  ialts  by  Pettenkofer^e  test*  In  a  watery  extract  of  the 
mme  ifettesj  the  addition  of  nitrie  acid  also  failed  to  sliow 
the  reaction  of  the  e*jloring  matter  of  the  bile  J  The  e^ilur, 
however,  has  been  fL*und  to  vary  considerably  with  the  diet. 
Wehsarg  hm  shown  that  with  a  mixed  diet,  the  color  is  rel- 
luwiah-brown ;  with  an  exclusiFely  flesli-diet,  it  is  niiiL-h 
darker;  and  with  a  milk-diet,  it  is  more  yeUow*' 

The  odor  of  the  fkcea,  which  is  chameteristic  and  qnita 
different  from  that  of  the  contents  of  the  ileum,  is  some  what 
variabk*,  and  i^  due  in  part  to  the  peculiar  decompot^iti^in 
of  the  residue  of  the  food,  in  part  to  the  decomposition  of 

'  Pfofl  DnltoHf  in  compar&tlfc  analy^  of  tbe  contents  of  tli«  enuill  and  tli* 
l<4.^  inlaidne  m  do^rs,  in  irhieh  the  matters  were  first  ernptamU/d  %n  drfnmi 
ix^ldu«  exKtucted  with  Absolute  &Ieghot  atid  then  prvcipitaied  wjth  elh«r,  tSm 
detected  biUiiE7  tDaitets  hj  P^ttenkofL'r'?  test  In  tb^  eontettvs  of  tbe  wmil  mu^ 
fine,  while  fhej  vera  luTaritiblj  Absent  m  the  nontcotf  of  iUe  br^  inUKtiDO, 
\Tt'fitttM€  m  Human  Phtaisiiomt^  FliiliidelpliiB,  1&7J,  p>  17)^.) 
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tlie  bile,  and  in  part  to  matters  secreted  by  the  muconB 
membrane  of  the  colon  and  the  glands  near  the  anus. 

The  entire  quantity  of  faeces  in  the  twenty-four  hours 
was  found  by  Wehsarg  to  be  about  4*6  ounces.  This  was 
the  mean  of  seventeen  observations;  the  largest  quantity 
being  10*8  ounces,  and  the  smallest  2*4:  ounces.*  The  aver- 
age given  by  most  authorities  is  about  five  or  six  ounces, 
assuming  that  the  daily  quantity  of  food  is  about  thirty-five 
ounces.' 

The  reaction  of  the  faeces  is  undoubtedly  very  variable, 
depending  chiefly  upon  the  character  of  the  food.  Marcet 
found  the  human  excrements  always  alkaline.*  Wehsarg, 
on  the  other  hand,  found  the  reaction  generally  acid,  but 
very  frequently  alkaline  or  neutral. 

The  first  accurate  analyses  of  the  fseces  were  made  by 
Berzelius  ;  but  the  great  advances  which  have  been  made  in 
physiological  chemistry  since  that  time  have  enabled  later 
observers  to  arrive  at  results  much  more  definite  and  satis- 
factory. The  recent  researches  into  the  composition  of  the 
healthy  faeces  by  Wehsarg,  already  referred  to,  have  thrown 
much  light  upon  the  nature  of  the  constituents  derived  from 
the  food  and  the  bile,  as  well  as  the  proportions  of  the  va- 
rious inorganic  salts.  Marcet  has  lately  discovered  a  crys- 
tallizable  substance  peculiar  to  the  human  faeces;*  and  we 
have  recently  shown  that  probably  the  most  important  excre- 
mentitious  principle  discharged  by  the  rectum  is  derived  . 

'  Op,  cU,,  p.  62. 

•  Todd  and  Bowman,  The  Phifsimoffical  Anatomy  and  Phyaiolagy  of  Man, 
Philadelphia,  1857,  p.  609.  The  variations  in  the  above  estimates  probably 
depend  considerably  upon  differences  in  the  proportion  of  water. 

■  Marcct,  An  Account  of  the  Organic  Chemical  ConatituerUa  or  Immediate 
Prineiplea  of  (he  Excrementa  of  Man  and  Animala  in  tiie  Healthy  Slate, — P/dlo- 
aophical  TVanaactiona,  London,  1864,  p.  266. 

*  Marcet,  An  Account  of  the  Organic  ChenwxU  Conatiiuenta  or  Immediate 
J^rineipUa  of  the  Excrementa  of  Man  and  Animala  in  the  Healthy  State. — Philo- 
tnphieal  TVoiiaadionSy  London,  1854,  p.  266  et  aeq. ;  and.  On  the  Immediate  Prin- 
cipiUa  of  the  Human  Excrements  in  the  Healthy  State. — Idem..  1857,  p.  408  et  aeq. 
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from  the  bile,  and  is  a  peculiar  modification  of  cholesterine.* 
ATjalyses  of  the  taeces  liave  abo  l»een  made  bj  Sim  on  ftoc! 
Percy/  Ihrmg,'  Lelniiann,*  and  many  others.  The  observn- 
tionB  of  Simon  and  of  Ihring  rolata  ehiefl  j  to  tlie  fieee^  in 
disease-  Most  of  our  statements  eoiiceming  the  composition 
of  the  fseces  in  health  wall  be  derived  from  Ihe  researches  of 
Wehsarg  and  of  Marcet,  and  our  own  observations. 

The  proportions  of  water  and  gpolid  matter  in  tfie  fa^cm  k 
variable.  Berzelius  fonnd  in  tlie  healthy  human  fyeces  78*3 
parts  of  water  and  26*7  parts  of  solid  residEe."  The  average 
of  se  ven  teen  obserTa  tions  hy  Welisai  g  was  precisely  the  mme. 
In  the  observations  wbicli  we  made  upon  the  normal 
the  proportion  of  water  was  a  little  below  the  estimateg  gir 
by  Berzelius  and  Wehsarg.  Taking  a  single  specimen,  pcisded 
under  normal  cooditions  by  a  pertoctly  healthy  man,  in  the 
morning,  the  entire  quantity  for  the  twenty *fonr  hoiits  (seveo 
and  a  half  ounces),  we  fonnd  the  proportion  of  water  to  9*  Ah\ 
matter     he  aa  716  to  ^84/ 

In  the  observations  of  Wehsarg,  the  mean  qiiantit  v  >a 
solid  matter  discharged  in  the  faeces  in  the  twenty-four  hours 
was  grains ;  the  extremes  being  S82-8  grains  and  251*6 
grains.  The  proportion  of  undigested  matters  in  the  solid 
re-sidne  was  very  small,  averaging  but  little  more  than  teo 
per  cent-j  the  mean  quantity  in  the  twenty-four  hours  in  ten 
observations  being  but  52*5  grains.    This  wag  found,  how- 

'  M^penmeitfal  Rf^4trchr%  into  a  Ktut  ^Cfrfimjf  Futuimn  ©/  tht  Z^WTf  MUf- 
mMdnff  in  the  Eemmml  of  CJtolediTim  from  the  Shod^  and  its  JJisichatpt  from  €^ 
Bod^  in  ihe  Furm  af  Sti-n'orinr  {the  Ser&Hne  &f  S<mdei). — Amtfi^m^  Jlmrmml 
iha  Maiitfil  Schfuvif,  October,  1862. 

^  Stm%,  Ammtd  Chcmisifff  mtli  RpftreMv  Aci  the  J%^tiih^  9mi  /Utfcaluyf 
of  M^n,  PUilftddphLi,  184C,  p,        d  v^. 

vfti^r  aen^itdi-ttrii  ptifhot'^fftiK'hrwt  Vrrhiiti'*ifJiu^n,  l.isvfi^en^  \%lSf^^ 

*  BmzsLiU»^  Armtffm  de  M  maU^te  extrSmmtUielli  dt  tkmimt^^Atmidm 
tMmif,  Paris,  1807,  tome  liS,,  B2L 

*  Loe  cit.  h  will  be  obfierred  thil  the  tots!  qnftntltr  of  fbc««  9m  mm0 
whAt  abote  the  aren^e. 
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ever,  to  be  exceedingly  variable ;  the  largest  quantity  being 
126*5  grains,  and  the  smallest  12*5  grains. 

Microscopical  examination  of  the  faeces  reveals  the  vaiMous 
v^etable  and  animal  structures  which  we  have  referred  to 
as  escaping  the  action  of  the  digestive  fluids.  Wehsarg  also 
found  a  "'finely  divided  fsecal  matter"  of  indefinite  stinicture, 
but  containing  partly  disintegrated  intestinal  epithelium. 
Crystals  of  cholesterine  were  never  observed.  Whenever  the 
matter  was  neutral  or  alkaline,  crystals  of  the  ammonio- 
magnesian  phosphate  were  found.*  Mucus  is  also  found  in 
variable  quantity,  in  the  faeces,  with  desquamated  epithe- 
lium, and  a  few  leucocytes. 

The  quantity  of  inorganic  salts  in  the  fffices  is  not  great. 
In  addition  to  the  ammoriio-magnesian  phosphate,  phosphate 
of  magnesia,  phosphate  of  lime,  and  a  small  quantity  of  iron 
have  been  found.  The  chlorides  are  either  absent  or  present 
only  in  small  quantity. 

Marcet  has  pretty  generally  found  in  the  human  faeces 
a  substance  possessing  tlie  characters  of  margaric  acid,  and 
volatile  fatty  acids ;  the  latter  free,  however,  from  butyric 
acid.  Cystine  is  mentioned  as  an  occasional  constituent' 
He  also  found  a  coloring  matter  like  that  extracted  by  Ver- 
deil  from  the  blood  and  by  Harley  from  the  urine.  Tliis  is 
probably  a  modification  of  biliverdine. 

In  1854,  Marcet  described  a  new  substance  in  the  humau 
fiseces,  which  he  called  excretine,  and  an  acid  called  excre- 
toleic  acid,  which  he  supposed  to  be  a  compound  of  excre- 
tine. These  principles  and  the  one  which  we  described  in 
1862,  under  the  name  of  stercorine,  are,  as  far  as  we  know, 
the  only  ones  which  have  been  recognized  as  characteristic 

'  Wehsarg  mentions  amorphoiis  fat  as  always  found  in  the  fseces  on  micro- 
Bcopic  examination  (p.  66).  We  have  seen  that  the  saponifiablc  futs  cannot  usu- 
ally be  separated  from  the  faeces ;  while  amorphous  stercorine  might  easily  be 
miftaken  for  fat.  Wehsarg  does  not  indicate  the  exact  nature  of  the  fatty  ma^ 
ters  which  he  obsenred. 

'  Marcet,  Philosophical  Transactions,  1834 
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q{  tlie  normal  fi^ees ;  and  the  gtercoritie  we  kave  fooiid  to 
be  one  of  the  most  distinct  and  itnpyrtant  of  the  exd^menti* 
tiotis  principles  in  the  bcH^y/  The  relations  of  excretine  to 
the  proec^  of  disiisfiimilation  of  the  tisgiies  have  not  been  m 
clearly  indicated. 

JEkm^im  and  JiUvr^ii^mc  Acid. — ^Excretine  wag  obtained 
by  Mareet  from  the  faeidtby  hnman  fieces  m  the  foUowing 
waj  :  The  fieces  were  first  treated  with  boiling  alcohol  until 
nothing  more  cotild  be  extracted-  This  aloohalic  solution 
was  acid  and  deposited  a  sediment  on  cooling,  Mjlk  of  litne 
was  then  added  to  the  solution,  producing  a  yeUowish-bn^wii 
precipitate,  and  leaving  the  fluid  of  a  clear  straw-oolor.  The 
precipitate  was  then  collected  on  a  fitter,  dried^  afterward  ag 
tabed  with  ether  and  filtered^  forming  a  clear  yellow  solittio 
In  firom  one  to  tliree  dajSj  beautiful  long  silky  ery^tals 
excretine  were  foniied,  gen er ally  collected  into  tnfta  adh 
ring  to  the  sides  of  the  veiaeeL  Examined  by  the  mieroeco 
th(^  were  found  to  consist  of  acicular  fotir-sided  prisma 
vaiiable  size.  This  Bubstance  m  insoluble  in  water,  sli^tl, 
soluble  in  cold  alcohol^  bat  very  Boluble  in  ether  and  hot 
alcohol  Its  aleohoUc  eolations  are  faintly j  though  distinctlr, 
alkaline,  It^  fusing  point  is  from  203°  to  205**  Fair.  It 
may  be  boiled  with  potash  for  hours  without  undergoing 
saponification,*  In  a  second  paper  by  Marcet,  publishe<l  in 
1857,  the  composition  of  excretine  is  given  m  Cr*H^O*S',  It 
was  also  found  that  its  erptallization  was  facilitated  by  ool4' 
Appanmtly,  the  quantity  of  excretine  contained  m  the 

'  In  1%%%^  Boudet  dcscnbed  »  new  snb^tauiee  a«  exir^titig;  in  llie  pcrmn  %i 
blood,  wbleh  be  called  Scrdiiu^   (N^mMUr^  J^htrfhtv  Mur  h  Oomp^Mm 
S^mm  da  Sanp.—Ammfm  da  Chimin  *i  de  Pkysiqw^  Pari^f  IBiS,  toCDcU, 
Tljis  is  the  subsuaee  wliicb  we  dlacoFcred  In  th«  fooes,  acid  tt«*v 
■Cfib^d  nadef  the  luune  of  Strr^titit, 

*  Mi^CETf  Fhifm>phu%d  TYmmKiim^  1854,  p^fJ^^mq. 

*  EEctrvlttie  bus  not  jei  been  made  to  enter  bto  najr  ddlnile  ooafcinntioii% 
and  hi  fonnuk  U  ealonkled  on  the  w^ymption  tbat  Ga€  «qaitnlait  of 
aontAiu«  out  «q«ii¥ilsDt  ef  enlplinr. 
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18  not  very  great,  as  only  12*6  grains  were  obtained  by 
Marcet  jfrom  nine  eyacuations.* 

We  have  very  little  definite  information  concerning  the 
production  of  excretine.  Marcet  examined,  on  one  occasion, 
the  contents  of  the  small  intestine  of  a  man  that  had  died  of 
disease  of  the  heart,  without  finding  any  excretine."  It  is 
probable  that  this  principle  is  formed  in  the  large  intestine, 
though  farther  observations  are  wanting  on  this  point. 

The  substance  called  excretoleic  acid  is  very  indefinite  in 
its  composition  and  properties.  It  is  describocl  as  an  olive- 
colored  fatty  acid,  insoluble  in  water,  non-saponifiable,  and 
very  soluble  in  ether  and  in  hot  alpohol.  It  fuses  at  from 
7r  to  79**  Fahr. 

Stercorine. — This  principle,  which  we  discovered  in  the 
fseces  in  1862,  was  described  by  Boudet  in  1833,  as  existing 
in  excessively  minute  quantity  in  the  serum  of  the  blood, 
and  was  called  by  him  seroline.  As  we  found  it  to  be  the 
most  abundant  and  characteristic  constituent  of  the  sterco- 
raceous  matter,  we  proposed  to  call  it  stercorine  particu- 
larly as  our  researches  led  us  to  the  opinion  that  it  really 
does  not  exist  in  the  serum,  but  is  formed  from  cholesterine 
by  the  processes  employed  for  its  extraction. 

Stercorine  may  be  extracted  in  the  following  way :  The 
feces  are  first  evaporated  to  dryness,  pulverized,  and  treated 
with  ether.  The  ether-extract  is  then  passed  through  animal 
charcoal,  fresh  ether  being  added  until  the  original  quantity 
of  the  ether-extract  has  passed  through.  It  is  impossible  to 
decolorize  the  solution  entirely  by  this  process ;  but  it  should 
pass  through  perfectly  clear  and  of  a  pale-amber  color.  The 
ether  is  then  evaporated,  and  the  residue  extracted  with  boil- 
ing alcohol.  This  alcoholic  solution  is  evaporated,  and  the 
residue  treated  with  a  solution  of  caustic  potash  for  one  or 

*  Habcet,  PhUoiophieal  TVanaadioM^  1S57,  p.  410. 

*  n)iA,  1854,  p.  269. 

*  American  Journal  of  the  Medical  Sciences^  October,  1862. 
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two  hours  at  a  temperature  a  little  below  the  boiling  point, 
by  which  all  the  saponifiable  fats  are  dissolved.  The  mix- 
ture is  then  largely  diluted  with  water,  thrown  upon  a 
filter,  and  washed  until  the  fluid  whicli  passes  through  is 
neutral  and  perfectly  clear.  The  filter  is  then  carefully  dried, 
and  the  residue  washed  out  with  ether.  The  ether  solution 
is  then  evaporated,  extracted  with  boiling  alcohol,  and  the 
alcoholic  solution  evaporated.  The  residue  of  this  last  evap- 
oration is  composed  of  pure  stercorine. 

When  first  obtained,  the  stercorine  is  a  clear,  slightly 
amber,  oily  substance,  about  the  consistence  of  Canada  bal- 
sam used  in  microscopic  preparations.  In  four  or  five  day? 
it  begins  to  show  the  cliaracteristic  crystals.  These  are  few 
in  number  at  first,  but  soon  the  entire  mass  assumes  a  crys- 
talline form.  In  one  analysis  we  obtained  from  seven  and  a 
half  ounces  of  normal  human  faeces  (the  entire  quantity  for 
the  twenty-four  hours),  10417  grains  of  stercorine,  the  ex- 
tract consisting  of  nothing  but  crystals.  This  was  all  the 
stercorine  to  be  extracted  from  the  regular  daily  evacuation 
of  a  healthy  male  twenty-six  years  of  age  and  weighing  about 
one  hundred  and  sixty  pounds.  In  the  absence  of  other  in- 
vestigations, the  daily  quantity  of  this  substance  excreted 
mav  be  assumed  to  be  not  far  from  ten  "jraiiis. 

In  many  regards,  stercorine  bears  a  close  resemblance  to 
cholesterine.  It  is  neutral,  inodorous,  and  insoluble  in  water 
and  in  a  solution  of  potash.  It  is  soluble  in  ether  and  hot 
alcohol,  but  is  almost  insoluble  in  cold  alcohol.  A  red  color 
is  produced  when  it  is  treated  with  strong  sulphuric  acid.  It 
may  be  easily  distinguished  from  cholesterine,  however,  by 
tlie  form  of  its  crystals.  It  fuses  at  a  low  temperature,  96*5** 
Fahr.,  while  cholesterine  fuses  at  293®  Fahr. 

Stercorine  crystallizes  in  the  form  of  thin  delicate  nee- 
dles, frequently  mixed  with  clear  rounded  globules,  which 
are  probably  composed  of  the  same  substance  in  a  non-crys- 
talline form.  When  the  crystals  are  of  considerable  size,  the 
l>or(lei's  near  their  extremities  are  split  longitudinally  fi»r  a 
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Fig.  4. 


short  distance.  The  crystals  are  frequently  arranged  in 
bundles,  as  in  Fig.  4,  in  which  they  are  represented  as  seen 
nnder  a  i^ch  ob- 
jective. In  Fig.  5 
the  crystals  are  rep- 
resented as  seen  nn- 
der a  }  inch  objec- 
tive. These  crystals 
cannot  be  confound- 
ed with  excretine, 
which  crystallizes  in 
the  form  of  regular, 
fonr-sided  prisms,  or 
with  the  thin  rhom- 
boidal  or  rectangular 
tablets  of  cholester- 
ine.  They  are  iden- 
tical with  the  crys- 
tals of  seroline  figured  by  Robin  and  Vcrdiel.* 

There  can  be  no 
doubt  with  regard  to 
the  origin  of  the  ster- 
corine  which  exists  in 
the  feces.  We  have 
found  that  whenever 
the  bile  is  not  dis- 
charged into  the  du- 
odenum, as  is  prob- 
ably the  case,  for  a 
time,  in  icterus  ac- 
companied with  clay- 
colored  evacuations, 
stercorine  is  not  to 
be  discovered  in  the 
dejections.    In  one 

'  Robin  it  Yerdiel,  ChimU  Anatomiqtie^  Paris,  1S63,  Atlas,  PI.  xxxvi.,  Fig.  2. 


Hterooiine  from  the  human  Cecea,  ^  looh  ohJectiT«. 


Pig.  6. 


Staroorine  from  the  same  specimen  after  It  had  been 
melted,  placed  upon  a  gbM  slide,  c(>vored  with  thin 
glaaa,  and  allowed  to  crystallize.  The  cryatalliza- 
tion  waa  very  slow,  occupying  some  weeka^ 
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case  of  this  kind,  in  whidi  the  feces  were  suhjeetjecl  to  ex- 
smiiaation,  the  luattena  extracted  with  hot  alcohol  were  en- 
tirely dissolved  by  huiliixg  for  fifteen  niinxites  with  a  fioln- 
tion  of  potaiJj^  showing  the  absence  of  cholesterine  and  ptter- 
corine.  In  another  exanaination  of  the  feeces  irom  this 
patient  J  made  nineteen  days  after,  when  the  ictertB  had 
ahno6t  entirely  disappeared  and  the  evacuations  had  be- 
come normal,  stercorine  was  discovered.  Taking  the  esti- 
mates  which  have  been  made  of  the  entire  quantity  of  bile 
discharged  into  the  intestine  in  the  twenty-four  honns,  by 
Bidder  and  Schmidt^  and  Dal  ton,  a  comparison  of  the  tottl 
quantity  of  cholesterine  contained  in  the  bile  with  the  quia* 
tity  of  stercorine  actually  discharged  shows  a  correspondene© 
which  serves  as  an  additional  argument  in  favor  of  the  view 
that  stercorine  is  formed  from  a  modification  of  cholesteriue 
in  its  passage  along  the  intestinal  canal 

These  facts  sliow  conclasively  that  the  cholesterina  of  the 
bile,  in  its  paaeage  tlirongh  the  intestine,  is  changed  into 
flt«rci:>rine*  Both  of  these  principles  are  crystalline,  non- 
saponifiable,  are  extracted  by  the  same  chemical  manipula- 
tion Sj  and  behave  in  tlie  same  way  when  treated  with  std* 
phuric  acid*  The  stercorine  must  be  regarded  aa  a  sllgbt 
modification  of  choice teriue,  the  excremeutitious  principle 
of  the  bile,' 

We  have  found  that  the  change  of  eholesterlne  into  ster- 
corine is  directly  connected  with  the  process  of  inteititial 

^  Our  reflfNirchei  mto  llae  fiutclioaaf  oholest«ri]i«  bire  Idl  m  dmht  thm  ibii 
h  an  excn^entitimie  ]>rmdple  lurdlj  leoond  \n  UDparUnoe  to  ure*.  We 
funtid  tbut  cfaoleslenne  mlwAjB  tnofe  mbundADt  In  tlie  blood  OOtntcg  fim 
brain  than  In  the  blcMKl  of  the  geoeml  mrterUl  ijilem,  or  in  the  renoot 
frooi  other  paru ;  tbat  ite  (juantilj  is  hirdlj  appreciable  in  venous  bk»od 
lUc  parol jzcd  etde  m  hemiple^a ;  tmd  that  it  U  ^epanited  from  the  blood  hf 
the  liver.  We  bare  also  shown  that  in  cases  of  senoua  iitroctural  diai*aie  of 
the  UtcFj  aceompanicd  hj  svuiptonia  pointing  to  tilood^bnning^  choi*«lffiaft 
aGQumulatefl  in  th«  blood,  constituting  m  ennditinn  which  we  bare  called  ghdw 
teramia.  This  tiabject  will  he  fullr  diBcu^ed  under  the  head  of  Excmktt.  Wm 
m  full  account  of  our  observntions  upon  the  functinn  of  cholcsterhic  mt  f%i 
Am^can  Jtmrtm!  xtf  thw  Mmiif^l  Sdtncf*^  Octoher,  IB^'L 
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digestion.  If  an  animal  be  kept  for  Bome  days  without  food, 
cholesterine  will  be  fonnd  in  tlie  faeces,  tliough  for  a  few 
days  stercorine  is  also  present.  It  is  generally  recognized  by 
those  who  have  analyzed  the  fseces,  that  cholesterine  does 
not  exist  in  the  normal  evacuations ;  but  whenever  digestion 
is  arrested,  the  bile  being  constantly  discharged  into  the 
duodenum,  cholesterine  is  found  in  large  quantity.  For  ex- 
ample, in  hibernating  animals,  cholesterine  is  always  present 
in  the  fseces.*  The  same  is  true  of  the  contents  of  the  intes- 
tines during  foetal  life ;  the  meconium  always  containing  a 
large  quantity  of  cholesterine,  which  disappears  from  the 
evacuations  when  the  digestive  function  becomes  established. 

Summa/ry. — ^The  entire  quantity  of  fseces  passed  in  the 
twenty-four  hours  is  from  four  to  seven  ounces.  The  color 
may  be  of  any  shade  between  a  yellow,  a  yellowish-brown, 
and  a  very  dark  brown.  The  odor  of  the  faeces  is  mi  generis^ 
and  is  developed  only  after  the  matters  have  been  discharged 
by  the  ileum  into  the  large  intestine. 

The  jeaction  of  the  faeces  may  be  alkaline,  neutral,  or 
acid ;  depending,  probably,  upon  changes  which  take  place 
in  the  undigested  residue  of  the  food. 

The  proportion  of  solid  residue  in  the  faeces  after  evapo- 
ration is  about  two  hundred  and  seventy  parts  per  thousand. 
The  absolute  quantity  of  solid  matter  discharged  in  the  faeces 
in  the  twenty-four  hours  is  about  four  hundred  and  sixty 
grains ;  only  about  ten  per  cent,  of  which  consists  of  undi- 
gested matters. 

The  matters  contained  in  the  faeces  which  are  derived 
from  the  food  consist  largely  of  vegetable  structures,  such  as 
cellulose,  spiral  vessels,  the  cortex  of  grains,  etc.  The  mat- 
ters deriv^  from  animal  food  are,  pieces  of  tendinous  or 
elastic  structure,  ill-defined  grumous  matter,  particles  of  mus- 
eolar  tissue  in  various  stages  of  disintegration,  the  inor- 

'  Mabcit,  tfp.  ol., — PkiUmphieal  TrantaeHonM^  LondoD,         p.  27S. 
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^anic  oonstitiients  of  bone,  etc.  The  feeoes  aotnetijii^  contain 
a  ftiTiall  quantity  of  fatty  aeidi. 

The  iQoi^^iie  matters  contained  in  tha  &oea  C04idsl 
chiefly  of  the  phosphate  of  ma^esia,  with  the  phosphate 
lime  and  a  little  iron.  When  the  reactioa  is  neutral 
alkaline,  crystals  of  the  auimoma-inagnesian  phosphate  ifO 
found.  Mucus  exists  in  the  in  small  quantity,  witli  epi- 
thelinm  and  a  few  leucocytes. 

The  only  characteristic  excrement! tious  constitnents  of  tlte 
tteces  which  have  yet  been  described  are :  stereorine,  thti 
most  important  excrement itiotis  principle  discharged  by  the 
rectum,  and  excretine  and  excretoleie  acid,  which  have  been 
tbimd  m  yet  only  in  the  hnman  faeces.  Though  the  c*ilur  uf 
tlie  fieceB  is  undoubtedly  due  to  a  transformation  of  the  ci^l- 
oring  matter  of  the  bile,  neither  the  biliary  &alt5  nor  hiliirer 
dine  are  to  he  detected  in  the  large  intestine  by  tlie  ordiimy 
test^-  Tlie  coloring  matters  of  the  f^ces  re&emble  the  coIa^ 
ing  matters  which  have  been  extracted  from  the  blootl  and 
the  urine. 

MommefiU  of  the  Zarffe  Iniestim, — ^Movements  t*f  die 
same  general  character  which  we  have  noted  in  the  s 
intestine  oe<?ur  in  the  lai'ge  inte&tine ;  though  the  peculi 
ties  in  the  arrangement  of  the  muRinlar  fibres  and  the  mum 
Bolid  consistence  of  the  contents  render  tbeaa  movemeuta 
somewhat  dbtinetive*  In  all  instances  where  tliese  move* 
ments  have  heea  observed  in  the  human  subject  or  Ihe  lower 
animak,  they  have  been  found  to  be  less  vigorous  and  rapid 
than  the  contractions  of  the  gmall  intestine.  Indeed,  when 
the  abdominal  organs  are  e^o^,  either  in  a  Uving  snlmal 
or  immediately  after  deaths  movement*!  of  the  large  uilestiii« 
are  generally  not  observed^  except  on  the  applieation  of  nw* 
chanical  or  galvanic  irritation  ;  and  they  are  then  mons  cm 
cumgcribed  and  much  less  marked  than  in  any  other  |«ajt  of 
the  alimentary  can  ah  In  the  rabbit,  in  which  the  colon  li 
very  lai^e,  the  few  spontaneous  movements  whit*h  are  m\n^ 
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times  seen  on  opening  the  abdomen  immediately  after  death 
are  feeble  and  irregular,  particularly  in  the  caecum.  That 
the  feces  remain  for  a  considerable  time  in  some  of  the  sac- 
culated pouches  of  the  colon  is  evident  from  the  appearance 
which  they  sometimes  present  of  having  been  moulded  to 
the  shape  of  the  canal.  This  appearance  is  frequently  ob- 
served in  the  dejections,  which  are  then  said  to  be  "fig- 
ured." 

In  the  csBCum,  the  pressure  of  matters  received  fi'om  the 
ileum  forces  the  mass  onward  into  the  ascending  colon,  and 
the  contractions  of  its  muscular  fibres  are  undoubtedly  slight 
and  ineffective.  Once  in  the  colon  it  is  easy  to  see  how  the 
contractions  of  the  muscular  structure  (the  longitudinal  bands 
shortening  the  canal,  and  the  transveree  fibres  contracting 
below  and  relaxing  above)  arc  capable  of  passing  the  fsecal 
mass  slowly  onward.  Though  the  transverse  fibres  are  thin 
and  seemingly  of  little  power,  they  are  undoubtedly  power- 
ful enough  to  empty  the  sacculi,  when  s^isted  by  the  move- 
ments of  the  longitudinal  fibres,  especially  as  the  canal  is 
never  completely  filled  and  the  faeces  are  frequently  in  the 
form  of  small  moulded  lumps. 

By  these  slow  and  gradual  movements,  the  contents  of 
the  large  intestine  are  passed  toward  the  sigmoid  flexure  of 
the  colon,  where  they  are  arrested  until  the  period  arrives 
for  their  final  discharge.  The  time  occupied  in  the  passage 
of  the  faeces  through  the  ascending,  transverse,  and  descend- 
ing colon  is  undoubtedly  variable  in  different  persons,  as  we 
find  great  variations  in  the  intervals  between  the  acts  of 
defsecation.  During  their  passage  along  the  colon,  the  con- 
tents of  the  canal  assume  more  and  more  of  the  normal 
fecal  consistence  and  odor,  and  become  slightly  coated  with 
the  mucous  secretion  of  the  parts. 

It  has  been  pretty  conclusively  shown  that  the  accumula- 
tion of  faeces  generally  takes  place  in  the  sigmoid  flexure ;  for 
under  normal  conditions,  the  rectum  is  found  empty  and  con- 
tracted.   Thii  part  of  the  colon  is  much  more  movable  than 


otber  portions,  and  is  better  ealcalated  as  a  receptacle 
fieCjesJ  At  certain  tolerably-regular  intervale,  the  ffi^cal 
matter  is  passed  into  the  rectum  and  is  then  almost  imme- 
diately discharged  from  the  body* 

Xn  healthy  expukion  of  fsecal  matters  takes  place  witli 
regularity  generally  once  in  the  twenty-fotir  bour&  This 
rule,  however,  is  by  no  means  invariable,  and  dujections  may 
habitually  occur  twice  in  the  dajj  or  every  second  or  thinl 
dayj  within  the  limits  of  perfect  health.  It  is  well  known 
that  habit  hag  a  great  influence  upon  the  regularity  of  detaa- 
cation ;  and  sometimesj  in  cases  of  irregularity^  physicians 
have  recommended  patients  to  make  nn  effort  to  void  the 
fences  at  a  certain  time  every  day,  this  practice  being  fre- 
quently followed  by  the  best  results.  At  the  time  when  tkf- 
secation  ordmarily  takes  place,  a  peculiar  sensation  is  exiicri- 
encecl  calling  for  an  evacuation  of  the  bowels;  and^  if  this  be 
disregarded,  the  desire  may  pass  away,  and,  atlter  a  little 
time^  the  act  becomes  impossible.  Under  these  cireum- 
stancesj  it  is  probable  that  the  feces  are  passed  oul  of  the 
rectum  by  antiperistaltic  action. 

The  condition  which  immediately  precedes  the  desire  for 
detiBcation  is  probably  tlie  descent  of  tbe  contents  of  thtt 
sigmoid  flexure  of  the  colon  into  the  rectum.  It  was  formerly 
thought  that  tljc  fteees  constantly  accumulated  in  the  dilated 
portion  of  the  rectum,  where  they  remained  until  an  evac- 
uation took  pkc*e ;  but  the  arguments  of  (.)"Beirue  against 
such  a  view  are  conclusive.  He  hajs  demonstrated  by  nunicr* 
oos  explorations  in  the  human  subject^  that  under  ordiuiunt* 
conditions^,  the  rectum  is  contracted,  and  contains  neiUier 
fieoes  nor  gas*  It  is,  indeed,  a  fact  familiar  to  every  sutgeou 
that  the  rectum  usually  contains  nothing  which  can  Ije 
reached  by  the  flnger  in  physical  examinations,  and  that 

*  0*BEiRi«E,  JVim  Viem  of  the  /Va«eii  Ihftcaiitm,  Wmhlu^ttm^  1SS4| 
pp,  U,  12, 
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paxalysb  or  section  of  the  muscles  which  close  the  anufl  bj 
no  means  involves^  necessarily,  a  constant  passage  of  fecal 
matter.  O'Beinie  not  only  found-  the  rectum  empty  and 
presenting  a  certain  amount  of  resistance  to  the  passage 
of  injected  finidfij  but  on  passing  a  stomach-tnbe  into  tlxe 
bowelj  after  penetrating  from  six  to  eight  inches,  it  passed 
into  a  space  in  which  its  extremity  conld  be  move<l  with 
gi"«at  freedom,  and  there  was  instantly  a  rush  of  flatus,  of 
fluid  fseees,  or  of  both,  through  the  tube.  In  gome  instances  in 
which  nothing  escaped  tlirough  the  tube,  the  instrument  con- 
veyed to  the  hand  an  impi-ession  of  Iiaving  entered  a  solid 
Ettaas;  and  on  being  withdrawn  contained  solid  fa3ces  in  its 
npper  portion/  According  to  this  observer,  the  sensation 
which  leads  to  an  effort  to  dist^harge  the  faeces  is  produced  by 
the  accumulation  of  matters  in  the  sigmoid  flexure^  which 
finally  present  at  the  contracted  p^irtion  of  the  rectum  just  at 
its  commencenient.  This  constriction,  situated  at  the  most 
superior  portion  of  the  rectum,  is  sometimes  spoken  of  as  the 
sphincter  of  O'Beirne, 

The  above  is  undoubtedly  the  mechanism  of  the  descent 
of  fiaeca]  matter  into  the  rectum  in  defiBcation,  as  the  act  is 
usually  performed ;  but  under  certain  circumstances,  faeces 
in  list  accumulate  in  the  dilated  portion  of  the  rectum.  Ordi- 
narily, the  discharge  of  fBeees  only  takes  place  after  the  efforts 
have  been  continued  for  a  certain  time ;  and  when  the  evacua- 
tion is  figm-ed,"  the  whole  length  dischaiged  frequently  ex- 
ceeds 80  much  the  length  of  the  rectum,  that  it  is  evident  that  a 
fjortion  of  it  must  have  come  from  the  colon.  O'Beime  states, 
indeed,  that  be  has  frequently  examined  the  rectum  at  the 
moment  when  a  moderate  inclination  to  go  to  stool  is  felt,  and 
found  it  empty  and  contracted/    But  in  cases  where  the  fteees 

*  O'^Beirne,  op,  eU.^ 

*  O^B^ime  apparently  faiTs  to  mtike  a  iiiffldenlly  accurate  dUtiDCtion  l>etwe«n 
**  a  moderate  Inclitaatbti  to  goto  stool  "  ( Op^eit^  p.  32)  and  the  peculiar  senaation 
friiich  laema  to  demand  «  prompt  eTatniatbi),  This  latter  we  believe  to  be  due  to 
the  preaenoe  of  fmmi  matter  m  tbe  rectum^ 
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are  very  fluid,  i>r  when  the  call  for  an  evacuation  hm  not  beeo 
i*egarded  and  hm  become  imperative,  the  immediate  dis- 
charge of  matters  when  the  sphineter  is  relaxed  shows  that 
the  rectum  has  been  more  rir  less  distended.  In  many  per- 
sons of  constipated  habitj  and  particularly  in  old  subjects,  the 
rectum  may  become  the  seat  of  large  accumulations  of  hard- 
ened and  impacted  faeces ;  but  this  is  a  pathological  condjtiou. 

The  sentsation  which  ordinarily  precedes  and  gives  rise  to 
evacuation  of  fiecal  matter  m  peculiar,  and  very  variable  in 
intensity.  When  this  sensation  is  well  marked  but  not  ex* 
co^sive,  it  is  probably  due  to  tlie  presence  of  liee^d  matter  to 
the  rectum,  not  in  sufficient  quantity,  however,  to  press  ftir- 
cibly  on  the  sphincten  Pressure  upon  the  recttmi  from  any 
eause,  or  irritation  of  its  mucous  membrane,  is  apt  to  give 
rise  to  this  peculiar  sensation  to  a  very  marked  degree,  In 
some  diseases,  the  exaggeration  of  this  sensation,  then  cullefl 
tenesmus  J  is  very  distressing. 

In  the  process  of  defeecatiou,  the  first  act  is  the  pasga^, 
hy  peristaltic  contractions^  of  the  contents  of  the  e^igmoid 
flexure  of  the  colon  through  the  slightly-constricted  opening 
of  the  rectmn  into  its  dilated  portion  below*  The  tieeal  mat* 
ter,  however,  is  not  allowed  to  reuiaiu  in  this  sitUfitiou«  but 
passes  into  the  lower  portion  of  the  Tectum,  in  ol*edieuce  to 
the  contrac^tions  of  its  muscular  coat,  assist^  by  tlie  action 
of  the  abdominal  muscles  and  diaphragm.  The  circular  fibroi 
of  the  rectum  undergo  the  ordinary  peristaltic  contraction ; 
and  the  action  of  the  longitudinal  fibres  is  to  render  the 
tum  shorter  and  more  nearly  straight.  The  internal  and  tli« 
external  sphincter  present  a  certain  amount  of  resist^mce  to 
the  discharge  of  the  fa?ce&j  more  particularly  the  external 
sphincter  J  which  is  a  striated  muscle  of  considerable  pow. 
There  is  always,  however,  a  voluntary  relaxation  of  this  nni^ 
cle,  or  rather  a  cessation  of  its  semi-voluntaiy  con  tract! cm, 
which  immediately  precedes  the  expulsive  act.  The  dila- 
tation of  the  anus  is  also  facilitated  by  the  action  of  tiie 
levator  anij  which  arises  from  the  posterior  snrfaee  of  ilm 


DEFiBCATION. 


409 


body  and  ramus  of  the  pubis,  the  inner  surface  of  the  spine 
of  the  ischium,  and  a  line  of  fascia  between  these  two  points, 
passes  downward  and  is  inserted  into  the  median  raphe  of  the 
perineum  and  the  sides  of  the  rectum,  the  fibres  uniting  with 
those  of  the  sphincter.  While  this  muscle  forms  a  support 
for  the  pelvic  organs  during  the  act  of  straining,  it  steadies 
the  end  of  the  rectum,  and  by  its  contractions,  favors  the  re- 
laxation of  the  sphincter,  and  draws  the  anus  forward. 

The  action  of  the  diaphragm  and  the  abdominal  muscles  is 
very  simple.  They  merely  compress  the  abdominal  organs 
and  consequently  those  contained  in  the  pelvis,  and  assist  in 
the  expulsion  of  the  contents  of  the  rectum.  The  diaphragm 
is  the  most  important  of  the  voluntary  muscles  concerned  in 
this  process ;  and  during  the  act  of  straining,  the  lungs  are 
moderately  filled  and  respiration  is  interrupted.  The  vigor 
of  these  eflforts  depends  greatly  upon  the  consistence  of  the 
fsecal  mass,  very  violent  contractions  being  frequently  required 
for  the  expulsion  of  hardened  faeces  after  long  constipation. 
Though  more  or  less  straining  generally  takes  place,  the  con- 
tractions of  the  muscular  coats  of  the  rectum  are  frequently 
competent  of  themselves  to  expel  the  feeees,  especially  when 
they  are  soflb.  This  can  be  shown  by  arresting  all  voluntary 
muscular  action  during  an  easy  act  of  defecation,  when  the 
&eces  may  be  passed  by  contractions  of  the  rectum  alone. 

By  a  combination  of  the  movements  above  described,  the 
floor  of  the  perineum  is  pressed  outward,  the  anus  is  di- 
lated, the  sharp  bend  in  the  lower  part  of  the  rectum  is 
brought  more  into  line  with  the  rest  of  the  canal,  and  a  por- 
tion of  the  contents  of  the  rectum  is  expelled.  Very  soon, 
however,  the  passage  of  fseces  is  interrupted  by  a  contraction 
of  the  levator  ani  and  the  sphincter,  by  which  the  anus  is 
suddenly  and  rather  forcibly  retracted.  This  muscular 
action  may  be  effected  voluntarily  ;  but  after  the  sphincter 
has  been  dilated  for  a  time,  the  evacuation  is  interrupted  in 
this  way,  notwithstanding  all  efforts  to  oppose  it.  After  a 
time,  another  portion  of  faeces  is  discharged,  until  the  mattei"s 


liare  ceased  to  pass  out  of  tlie  sigmoid  flexure,  and  tte  tee- 
turn  Itas  been  emptied.  The  mucous  membrane  of  tbe  rec- 
tum, wbieh  is  rather  loosely  held  to  the  eulgaeent  ti^ue,  li 
dightly  prolapsed  durmg  an  evacuation,  but  returns  shortlj 
after  the  act  baa  been  completed. 

Very  little  need  be  said  concerning  tbe  iuflneuce  of  the 
nerv*>uB  fijstem  ou  tbe  moyemeuts  coucemed  in  defecation. 
T])e  non-striated  muscular  libres  which  form  the  mustmlar 
coat  of  tJie  rectum  are  supplied  with  nerv^  from  the  lytupa* 
thctic  BYs^tem ;  and  to  tbe  external  s])hincter  are  distributed 
tibvuients  from  tbe  la^t  sacral  pair  of  the  spinal  nerres^  The#e 
nervea  bring  tbe  sphincter  to  a  certain  degree  under  tbe  con- 
trol of  the  will,  and  impart  likewise  the  property  of  tonic 
contractiouj  bj  which  the  anus  is  kept  constantly  closed, 

Gmea  fomid  in  the  AUmmtary  Cmcd* 

In  the  human  Bnbjeetj  a  certain  quantity  of  gas  is  gener- 
ally found  in  tbe  stomach  and  in  tbe  small  and  the  lai^ 
intestine.  The  most  accurate  analyses  of  these  gases^  ub 
they  may  be  supposed  to  exist  in  the  human  subject  in 
health,  are  those  of  Magendie  and  Chevreul,  who  bad  tlie 
opportunity  of  examining  the  bodies  of  several  eriinitiak 
immediately  after  execution.  The  previous  ajialyscs  hy  Ju- 
rine  (who  was  tlie  first  to  examine  the  gases  of  the  alinieotarv 
canal)  and  others,  wei*e  made  before  the  processes  ftir  the 
analysis  of  gases  had  been  brought  to  a  sufficient  degree  oi 
perfection  to  insiu^e  accurate  results. 

The  gases  in  the  stomach  appear  to  have  no  definite  fiinc* 
tion.  They  generally  exist  in  very  minute  quantity^  and  arc 
sometimes  absent,  TJie  oxygen  and  nitrogcu  are  derivtsi 
from  the  little  bubbles  of  air  which  are  ineorporated  with 
tbe  alimentary  bolus  during  mastication  and  iusalivatiou. 
The  other  gases  are  probably  evolved  from  the  food  duriii|( 
digestion  ;  at  least,  there  is  no  satisfactory  evidence  tbnt  they 
are  produced  in  any  other  way* 

Very  little  gas  is  ordinarily  found  in  the  stomaelL  Mi^ 
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gendie  and  Chevreul  collected  and  analyzed  a  small  quantity 
from  the  stomach  of  an  executed  criminal  a  short  time  after 
death,  and  ascertained  that  it  had  the  following  compo- 
sition :  * 

Gases  contained  in  the  Stomach. 


Oxygen   11*00 

Oarbonic  Acid   14*00 

Pure  HjdrogeD   8*66 

Nitrogen   '^1*45 


100*00 

Magendie  and  Chevreul  found  three  different  gases  in  the 
small  intestine.  Their  examinations  were  made  upon  three 
criminals  soon  after  execution.  The  first  was  twenty-four 
years  of  age,  and  two  hours  before  execution  had  eaten  bread 
and  Gruy^re  cheese  and  drunk  red  wine  and  water.  The 
second,  who  was  executed  at  the  same  time,  was  twenty- 
three  years  of  age,  and  the  conditions  as  regards  digestion 
were  the  same.  The  third  was  twenty-eight  years  of  age, 
and  four  hours  before  death,  he  ate  bread,  beef,  and  lentils, 
and  drank  red  wine  and  water.  The  folio  wring  was  the  re- 
sult of  the  analyses.' 

Oases  contained  in  the  SmaU  Intestine. 

Fint  CriminaL  Second  CriminaL  Third  CdmlnaL 

Garbonic  acid   24*39   40*00   25*00 

Pure  Hydrogen   66-68   51*15   8*40 

Nitrogen   20*08   8*85   66*60 

100  00  100*00  100*00 

No  oxygen  was  found  in  either  of  the  examinations,  and 
the  quantities  of  the  other  gases  were  so  variable  as  to  lead  to 
the  supposition  that  their ,  proportion  is  not  at  all  definite. 
We  have  already  alluded  to  the  mechanical  function  of  these 
gases  in  intestinal  digestion.' 

*  MAGKKDnE,  Prku  tUmentQtre  de  PhtfsioU>gie^  Parigt,  1886,  tom^  il,  p.  89. 
•Ibid.,  p.  116. 
'  See  page  879. 
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In  the  large  mtestinej  the  constitution  of  tlie  gasea  pre- 
Bented  flie  eanie  vari ability  b&  in  the  snmll  intestine.  Car- 
huretted  hydrogen  was  found  in  all  of  the  analysegv  In  die 
largo  inteatine  of  the  first  criminal,  and  in  the  rectnm  of  tho 
thirdj  were  found  traces  of  sulphuretted  hydrogeru  The  fol- 
lowing is  the  result  of  the  analvBes  in  the  casee  before  eit^d. 
In  the  tbirdj  the  gaseous  contentB  of  the  c^eum  and  the  reo- 
tum  were  analyzed  separately.' 

G^^es  eontamed  in  th€  Lar^e  InieMtim, 


Carbcmic  Acid 
Onrburettcil  h  vdmgGn 
and  traces  of  sul- 
phuretted h  jdrogt-n 
Pure  hvdrogen  und 
carbuiTlted  bydro- 

gen  • 

Pure  hydr(>(?en. . , , , , 
Cc^rburuUijd  hjdrogefii 
Nitrogeu..  « 


43-50 


6103 


lOO'OO 


TOGO 


lg'4e 


1001)0 


12  50 


7fiO 

67  6t> 


Third  Crfmlul 


Iff* 


(hngin  oftJte  luUsttfutl  Gases. — ^With  our  present  infor- 
mation on  this  subject,  the  most  reasonable  view  to  take  of 
tlie  source  of  the  gases  nonnally  found  in  the  intei^tines 
that  they  are  giTen  off  from  the  articles  of  foiid  in  their 
various  stai^es  of  digestion  and  fleconj position.  TImt  this  is 
the  principal  source  of  the  intestinal  gases  tJiere  can  l>e  no 
doubt ;  and  it  is  well  known  that  certain  articles  of  tbod^  par- 
ticularly vegetables,  generate  much  more  gas  than  others. 
The  principal  gases  ibund  in  the  intestinal  canal  may  all  be 
obtained  from  the  food ;  while  some  of  them,  as  hydrt»geu 
and  carburett^  hydrogen,  do  not  exist  in  the  bloml;  and  it 
is  difficult  to  conceive  bow  they  can  be  generated  in  the  in* 

*  MAOKNtiu^  op.  w/.p  p.  las. 

*  Iq  this  exAmiBftttOiif  "  tmCGS  of  siilpb incited  bjdrogicti  w^rc^  inatiU'eMrf]  upon 
tbe  merctir;  before  the  instant  when  the  gws  was  ■naljzed;    (cys.  tftV.,  p.  It^^ 
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testine  except  by  decomposition  of  some  of  the  articles  of 
food.  Hydrogen  and  its  compounds  are  always  found  in 
quantity  in  the  small  and  the  large  intestine.  Chevillot, 
who  made  a  number  of  researches  into  the  composition  of 
tlie  gases  of  the  alimentary  canal  in  patients  dead  from  dif- 
ferent diseases,  submitted  various  alimentary  substances 
taken  from  the  digestive  organs  to  a  temperature  equal  to 
that  of  the  body.  In  a  certain  number  of  instances,  but  not 
in  all,  hydrogen  was  evolved.' 

It  is  said  that  gas  is  sometimes  found  in  the  intestines 
of  the  foetus,  and  that  it  may  be  generated  in  a  loop  of  intes- 
tine in  a  living  animal,  after  a  portion  of  the  canal  has  been 
drawn  out,  isolated  by  ligature,  freed  from  its  liquid  and 
gaseous  contents,  and  returned  to  the  abdomen.  In  some 
diseased  conditions  also,  it  is  very  common  for  the  abdomen 
to  become  rapidly  tympanitic,  the  gas  being  generated  so 
quickly  that  its  presence  is  not  easily  explained  by  supposing 
it  to  be  evolved  by  decomposition  of  the  ingesta.  It  has,  in- 
deed, been  supposed  that  the  intestinal  mucous  membrane  is 
capable  of  secreting  gases  as  well  as  liquids ;  but  in  support 
of  this  view  there  does  not  appear  to  be  any  positive  demon- 
stration. No  doubt  some  of  the  gases  which  may  be  formed 
in  the  intestine  are  capable  of  absorption.  It  is  impossible 
to  say,  however,  that  even  the  gases  normally  held  in  solu- 
tion in  the  blood,  namely,  oxygen,  nitrogen,  and  carbonic 
acid,  are  exhaled  from  the  blood  into  the  intestinal  cavity. 
Oxygen  is  never  given  off  in  this  way,  for  this  gas  has  only 

'  Ghetillot,  Jtecherehea  s\ir  les  Oaz  de  VEaUnnac  et  des  Intestina  de  V Homme 
d  PHat  de  maladie.—Jaumal  de  Physiologie^  Paris,  1829,  tome  ix.,  p.  810. 
Kagendie  (Pridt  £lementaire  de  Phtfsiologie^  Paris,  1836,  p.  117)  sUtes  that 
CJherillot  collected  the  contents  of  the  small  intestine,  which  he  allowed  to  fer- 
ment for  a  certain  time  at  the  temperature  of  the  body,  obtaining  exactly  tho 
0ame  gases  which  were  found  in  the  intestine.  The  reference  to  the  paper  of 
Cherillot  is  given  above,  and  it  is  there  simply  stated  that  hydrogen  is  sometimes 
giTen  off  from  the  contents  of  the  small  intestine.  Chevillot  proposed  at  some 
future  time  to  give  the  full  results  of  his  experiments  on  this  subject,  but  as  far 
as  we  know,  this  has  never  been  done. 
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been  found  in  the  stomach,  and  is  there  derived  15rom  air 
which  has  been  swallowed.  With  regard  to  the  origin  of 
the  other  gases  found  in  the  intestine  under  the  peculiar 
circumstances  just  mentioned,  in  which  they  are  apparently 
generated  with  much  rapidity,  there  are  not  sufficient  data 
to  enable  us  to  form  an  intelligent  opinion. 


CHAPTER  XV. 

ABSORPTION. 

GeDenl  conrndentions — ^Absorption  by  blood-Tessels — ^Absorption  by  lacteal  and 
lymphatic  yessela — ^FhyBiological  anatomy  of  the  lacteal  and  lymphatic  sys- 
tem— Thoracic  duct — Structure  of  the  lacteal  and  lymphatic  vessels — Lym« 
phatio  glands — Absorption  of  albuminoids  by  the  lacteals — ^Absorption  of 
glucose  and  salts  by  the  lacteals — Absorption  of  water  by  the  lacteals — ^Ab* 
sorption  from  parts  not  connected  with  the  digestive  sydtem — ^Absorption 
from  the  skin — Absorption  from  the  respiratory  surface— Absorption  from 
closed  cavities,  reservoirs  of  glands,  etc. — ^Absorption  of  fats  and  insoluble 
substances — ^Variations  and  modifications  of  absorption — ^Influence  of  the 
condition  of  the  blood  and  the  vessels  on  absorption — ^Influence  of  the  ner- 
vous system  on  absorption. 

Digestion  has  two  great  objects:  one  is  to  reduce  the 
different  alimentary  principles  to  a  fluid  condition,  and  the 
other  to  commence  the  series  of  catalytic  transformations  by 
which  these  principles  are  rendered  capable  of  nourishing 
ttte  organism.    The  principles  tlius  acted  upon  are  taken 
into  the  blood  as  fast  as  the  requisite  changes  in  their  consti- 
tution are  effected;  and  once  received  into  the  circulation, 
l>^cdme  part  of  the  great  nutritive  fluid,  supplying  the  waste 
'^'^luch  the  constant  regeneration  of  the  tissues  from  materials 
^^"^shed  by  the  blood  necessarily  involves.  The  only  group 
principles  which  does  not  obey  this  general  law  is  the 
Though  a  small  portion  of  the  fat  taken  as  food  passes 
^^^■"^otly  into  the  blood-vessels  of  the  intestinal  canal,  by  far 
greatest  part  finds  its  way  into  the  circulation  by  means 
^I>ecial  absorbent  vessels  which  empty  into  large  veins, 
"^latever  way  fat  enters  the  blood,  it  is  never  dissolved, 
^^"^  i©  reduced  to  the  condition  of  a  fine  emulsion. 
59 
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The  process  by  which  digested  materials  are  taken  into 
the  blood  is  called  absorption.  It  is  now  recognized  that  two 
sets  of  vessels  are  concerned  in  the  performance  of  this  func- 
tion, namely ;  the  blood-vessels  and  the  lacteals.  Those  parts 
of  the  food  which  have  been  rendered  fluid  and  are  capable 
of  forming  a  homogeneous  mixture  with  the  blood-plasma 
are  absorbed  chiefly  by  the  blood-vessels,  though  a  small 
portion  finds  its  way  into  the  lacteals.  The  emulsified  fats 
are  taken  up  in  greatest  part  by  the  lacteals,  though  a  small 
quantity  is  taken  directly  into  the  blood.  In  treating  of 
this  subject,  it  will  be  convenient  to  consider  the  action  of 
these  two  kinds  of  vessels  separately. 

Absorption  hy  Blood  -  Vessels. 

That  soluble  substances  can  pass  through  the  delicate 
walls  of  the  capillaries  and  small  veins  and  that  ab6oq>tion 
actually  takes  place  in  great  part  by  blood-vessels  are  Cftcts 
which  hardly  demands  discussion  at  the  present  day.  There 
are  now  all  the  proofs  that  could  be  asked  in  support  of 
this  view.  Soluble  principles  which  have  disappeared  from 
the  alimentary  canal  have  been  repeatedly  found  in  the  blood 
coming  from  the  part,  even  when  the  lymphatics  have  been 
divided  aud  communication  existed  only  through  the  blood- 
vessels. The  old  theoretical  view  wliich  was  entertained  be- 
fore the  lymphatics  and  lacteals  were  discovered  was  that 
absorption  took  place  by  blood-vessels ;  but  after  special  ab- 
sorbent vessels  were  described,  it  was  generally  supposed 
that  they  furnished  the  only  avenue  for  the  entrance  of  new 
matters  into  the  economy,  though  the  doctrine  of  vascular 
absorption  was  retained  by  a  few.*    It  was  only  after  the 

'  The  obsenratioDS  of  William  and  John  Hunter,  who  attempted  to  b1k»v  by 
experiments  upon  living  animals  that  the  lacteals  were  the  onlj  absorbent  Tea- 
sels of  the  iotestines,  have  been  so  completely  disproved  by  more  recent  inTesd- 
gations  that  they  do  not  demand  extended  discussion.  These  experimenters 
showed  that  milk  introduced  into  the  intestinal  cavity  was  absorbed  bj  the  la«> 
teals  and  not  by  the  veins;  but  the  evidence  that  absorption  of  other  fluids  ifil 
not  take  place  by  the  veins  was  entirely  insufficient.    The  experiments  referred 
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conclnsiye  experiments  of  Magendie,  in  1809,  that  positive 
proof  was  given  of  the  absorbing  power  of  the  blood-vessels. 
These  experiments  settled  the  question  of  vascular  absorp- 
tion, though  they  led  some  to  take  too  exclusive  a  view  of 
the  importance  of  the  venous  radicles  in  this  function,  and 
to  deny  that  absorption  took  place  to  any  considerable  ex- 
tent through  the  lymphatic  and  lacteal  system. 

If  it  were  consistent  with  the  plan  of  this  work  to  enter 
into  a  purely  historical  discussion  of  the  theories  which  have 
been  advanced  from  time  to  time  concerning  the  mechanism 
of  absorption,  it  might  be  shown  that  comparatively-modern 
researches  have  led  us  back  to  the  views  entertained  by  the 
ancients,  before  the  discovery  of  the  lymphatic  system  of 
vessels ;  but  we  shall  confine  ourselves  to  a  history  of  those 
facts  connected  with  absorption,  which  have  been  experimen- 
tally demonstrated.  In  1808,  in  a  paper  on  the  "  Structure 
and  Uses  of  the  Spleen,"  rea'd  before  the  Eoyal  Society  of 
London,  Everard  Home  showed  that  various  matters  in- 
jected into  the  stomach  were  carried  to  the  spleen  without 
pafising  into  the  thoracic  duct.  The  inference  to  be  drawn 
from  this  paper,  which  is  very  brief,  is  that  he  supposed  that 
these  substances  were  carried  to  the  spleen  by  absorbents, 
and  were  there  mixed  with  the  blood.  In  these  experiments 
Home  was  assisted  by  Brodie.*  In  1811,  as  the  result  of 
farther  experiments  on  this  subject.  Home  abandoned  the 
idea  that  the  principles  absorbed  were  mixed  with  the  blood 
in  the  spleen,  as  he  found  that  matters  injected  into  the 
stomach  appeared  in  the  blood  in  a  dog  from  which  the 
spleen  had  been  removed  four  days  before.*    The  first 

to  were  made  in  1758  and  1759.  (J.  Hukter,  Obtervatioru  on  Certain  Paris  of 
A€  Animal  OCconomy,  Philadelphia,  1840,  p.  808.) 

*  HoMK,  On  (he  Slntcture  and  Uses  of  the  Spleen, — Philosophicad  Transac- 
imu,  London,  1808,  p.  46  et  uq, 

*  Home,  Experiments  to  prove  that  Fluids  pass  directly  from  the  Stomach  to 
9K$  CircHlaiion  of  the  Bloody  and  from  thence  into  the  CeUs  of  the  Spleen^  the  Gall- 
Madder  and  Urinary  Bladder  without  going  through  the  Thoracic  Duct. — Philoi' 
mpMeal  TVansactionSj  London,  1811,  p.  163  et  seq. 
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of  these  e^ajs  contiiined  very  little  eoticeniing  the  gmenl 
proce§§  of  absorption  from  the  alimeutiirj  caual,  bat  wis 
supiKised  to  throw  some  light  upon  the  ftmetian  of  the 
spleen,  as  an  organ  in  wMch  part  of  the  chjle  was  muced 
with  the  blood.  The  second  esaaj  was  poblished  two  yesire 
afler  the  researches  of  Magendie  bad  been  commtmicated  to 
the  Institute  of  France. 

The  results  of  the  experimenta  of  Magendie  were  of  the 
most  positiTe  character.*  In  hk  jir^t  experiments,  it  was 
found  that  after  ligation  of  the  thoracic  dnet  In  dogs^  pokon- 
ing  br  a  solntion  of  upas  introdnced  into  the  peritoneal  carilj, 
the  pleurai  cayity,  the  stomach,  intestines,  or  m titles  of  the 
thigh,  took  place  with  no  diminution  in  intensity  or  raptdilj. 
The  second  series  of  experimeiit&  was  even  more  striking.  Tba 
abdomen  of  a  dog,  that  had  eaten  lazgelj  seven  hoars  befoM 
was  opened,  and  a  loop  of  the  small  intestine  drawn  out. 
About  iiileen  inches  of  the  canal  was  separated  from  the  re^ 
by  two  ligatnra,  and  finally  cut  off  beyond  them-  The  lym* 
phatics  arising  from  the  isolated  portion  of  ttie  inieetiiia, 
which  were  very  apparent^  were  all  tied  with  two  Ugatom^ 
and  divided  between  them.  Five  mesenteric  arteries  and 
five  veins  then  remained  connecting  the  intestine  with  the 
vascular  sy&tem.  Four  of  the  arteries  and  veins  were  ligaled 
and  divided ;  and  tlie  sitigle  artery  and  Tein  which  remaiiijid 
were  isolated  for  alx^ut  two  inches  of  their  length,  and  even 
the  cellular  coat  dissected  off,  for  fear  that  it  might  Im  i^d  to 
eon  tain  lymphatics.  A  small  quantity  of  upas  was  then  iu* 
troducetl  into  the  isolated  portion  of  the  intestine  (which  had 
no  c^jmmunication  with  the  body  except  l>y  the  single  m 
teric  artery  and  vein),  the  loop  was  enveloped  in  a  tine  clo 
and  returned  to  the  aMominal  cavity.  In  about  six  nunut 
the  general  eflects  of  the  poison  were  manifestetl  with  ih^ 
nsnal  intensity.  This  e.\periment  was  repeated  several  tim 

IS  tt  m^. 
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with  the  same  result.  In  other  experiments,  the  leg  was  sep- 
arated from  an  animal,  all  the  parts  being  divided  except  the 
crural  artery  and  vein ;  and  in  one  experiment,  a  quill  was 
introduced  into  each  of  these  vessels,  secured  with  h'gatures, 
and  the  vessels  themselves  divided,  so  that  there  could  be  no 
communication  of  the  leg  with  the  body  except  through  the 
circulating  blood.  Under  these  conditions,  the  poison  intro- 
duced into  the  foot  produced  its  effects  upon  the  system  in 
ordinary  time ;  while  it  was  found  that  the  effects  of  the 
poison  could  be  retarded  or  arrested  by  simple  compression 
of  the  vein.  These  experiments,  which  are  models  of  inge- 
nuity and  accuracy,  removed  all  doubt  of  the  fact  that  ab- 
sorption takes  place  by  blood-vessels. 

Most  of  the  experiments  which  followed  those  of  Magen- 
die  simply  confinned  his  results.  Tiedemann  and  Gmelin,  as 
the  result  of  a  very  elaborate  series  of  investigations,  showed 
that  alimentary  matters,  odorous  and  coloring  matters,  and 
various  saline  and  metallic  substances,  when  taken  into  the 
alimentary  canal,  find  their  way  into  the  system  by  the  ab- 
sorbents and  the  thoracic  duct,  and  by  the  radicles  of  the  por- 
tal vein.*  Finally,  S6galas,  in  1822,  supplied  about  the  only 
link  wanting  in  the  chain  of  evidence  developed  by  the  origi- 
nal experiments  'of  Magendie.  He  demonstrated  that  poi- 
soning did  not  follow  the  introduction  of  a  solution  of  nux 
vomica  into  a  loop  of  intestine  separated  from  the  rest  of  the 
canal,  so  long  as  the  circulation  was  interrupted,  or  when  the 
blood  returning  from  the  part  by  the  vein  w^as  discharged 
from  the  vessel  and  not  carried  into  the  general  circulation.' 

At  this  time  the  subject  of  vascular  absorption  attracted 
a  great  deal  of  attention  among  experimental  physiologists ; 
and  a  committee,  consisting  of  Drs.  Harlan,  Lawrence,  and 

*  TiiDiMAKN  BT  Gmelin,  Jtechtrchct  sur  la  Route  qui  prennetii  diverges  Suih 
wkmcm  pour  jpanfr  de  VEdomac  et  du  Catial  Intestinal  dans  le  Sang ;  sur  la 
JfimeHon  de  la  Rate  et  mr  lea  Voies  caehSes  de  V  Urine,  Trad,  par  S.  Heller,  Paris, 
1821. 

•  Segalas,  Note  sur  P Absorption  IniesHnale. — Journal  de  Physiologie,  Paris, 
1822,  tome  il,  p.  117  seq. 
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Coate^  wm  appointed  by  the  Academy  of  Medicine,  of  Phil- 
adelpUaj  to  examine  into  the  subject  This  committee  rnadd 
a  great  number  of  experiments,  which  entirely  confirmed  the 
obserFations  of  M^endic**  The  &ame  may  be  said  of  the 
experiments  of  Panizza,  which  were*  indeedj  b&  r^arda  in* 
testinal  aheorption,  little  more  than  a  repetition  of  those  of 
Magendie  and  Segal  as,'  At  the  present  day  there  is  no  dif* 
ferenee  of  opinion  among  physiologLat^  concerning  tlie  direet 
absorption  of  nutritive  matters  by  the  blood- ves&els  of  tlie 
alinientarj*  canah  It  has  been  repeatijdly  shown,  indee^l^ 
that  il  uring  abi^orptionj  the  blood  of  the  portal  vein  is  rich  in 
albnmiDoidB,  sugarj  and  other  principles  resulting  from 
digestion. 

In  the  moutli  and  o&gophagns^  the  sojourn  of  alimeolar^ 
principles  h  so  brief,  and  the  changes  which  they  imdeigi) 
slight,  that  no  absorption  of  any  moment  can  take  place, 
h  evident,  however,  that  the  mucous  membrane  of  the  tQOili& 
15  mpable  of  abi^rbing  certain  M)lnble  matters,  from  the  eSkll 
which  are  constantly  ol>served  when  tlie  smoke  or  the  joiw 
of  tobacco  is  retained  in  the  moutJi  even  for  a  short  time* 
In  tlie  stomachy  however,  the  absorption  of  certain  materinh 
takes  place  with  great  activity,  A  large  projM>rti<»n  nf  tlieiii^ 
geeted  liquid^*  and  of  thoee  principles  of  fixid  which  arv  di*- 

*  Rtp^wt  of  ihe  OommitUe  of  ihe  Acadi^ny  0/  IWiWrir  it/  FAiladrijJkU,  f* 

and  Scime^,  1B2I,  vol.  ill.,  p.        uid  1S£2,  rot.  v.,  p.  ^27. 

'  FjkSltZA,  J)e  tAbmffptifm  Vfineu*^^  Pirn,  184S.  The  most  atnking  rf  lb* 
expcTimcny  of  PaniaEift  wm  one  nmde  cm  a  bor^  hx  wbkb  a  loop  of  1^ 
^lestina  wu  drawn  m,t,  isolated  by  li^turcs,  And  lefi  conocotcd  w\ih  iht  fp 
lem  odIt  bj  «  ftln^  ^ftert  ktid  Tdc,  PoifODS  and  other  Btib$UiK«^  iair«diCiA 
itiW  Uiit  loop  were  detected  in  h\ot>d  taken  from  the  rein,  and  their  effiK^a  ifM 
tiie  9j9>Um  no%  nunif^ted  so  long  as  the  blood  eombsig  ^om  tht  put  fi* 
|>peTetit«<l  ftQm  entetmg  the  fenerml  dreuJitioii.   (Op^  tiL^  p.  19,) 

'  Il  bai  been  repeatedljr  detnatiJitfmt«d  bj  eiEperiiiietit^  tbul  liquids  lie  i'^ 
iorbed  from  the  ttoouiGb  after  the  pjkims  haa  been  tied.  This  hmA  bt0n  itif 
by  MjLgendle  {PrkM  Abmiair§  dt  Pbrii,  1694,  tijme  ii,  llOt, 

hj  BoQchardat  a&d  Sandrafif  and  oth^.  The  esp«titu€iil«  made  bj  Cdk 
and  Boitlej  on  abeofptkm  fram  tbe  sioiuAi^b  after  llg^iion  of  Uie  |»|lorv  ^ 


ABSOKPTION  BY  BLOOD-VESSELS. 


421 


solved  by  the  gastric  juice  and  converted  into  albuminose,  is 
taken  np  directly  by  the  blood-vessels  of  the  stomach.  It 
may,  indeed,  be  assumed  as  a  general  law,  that  digested  mat- 
ters are  in  great  part  absorbed  as  soon  as  their  transforma- 
tions in  the  alimentary  canal  have  been  completed. 

In  the  passage  of  the  food  down  the  intestinal  canal,  as 
we  have  already  seen,  there  is  a  constant  loss  of  material. 
As  the  digestion  of  the  albuminoids  is  completed,  these  prin- 
ciples are  absorbed,  and  their  passage  into  the  mass  of  blood 
IB  shown  by  an  increase  *in  its  proportion  of  albuminoid  mat- 
ters. Analyses  by  Beclard  of  blood  taken  from  the  portal 
veins  during  digestion  have  shown  a  great  increase  in  the  pro- 
portion of  fibrin  over  the  blood  in  other  parts  of  the  venous 
system  and  in  the  same  vessel  during  the  intervals  of  diges- 
tion.* These  observations  have  been  repeatedly  confirmed,  and 
many  of  the  other  products  of  digestion,  such  as  glucose  and 
fatty  emulsion,  have  also  been  demonstrated  in  quantity  in  the 
blood  of  the  portal  vein  during  absorption.  The  fats,  though 
taken  up  in  greatest  part  by  the  lacteals,  are  always  found  in 
greater  or  less  quantity  in  the  portal  blood.  It  has  fre- 
quently been  observed  that  after  a  full  meal  consisting 
lai^ly  of  fat,  the  blood  from  the  portal  vein,  as  it  cools  and 
coagulates,  leaves  a  white  scum  of  fat  upon  the  surface.'  On 
one  occasion  we  observed  in  the  portal  blood  of  an  animal 
killed  in  full  digestion  a  layer  of  fat  on  cooling  so  thick  that 
a  quantity  of  blood,  which  was  spilled  upon  a  table  and  the 

dHTerent  animals  show  that  in  the  carnivora,  and  in  most  animals  with  a  single 
stomach,  this  tikes  place  with  great  rapidity.  In  the  horse,  the  mucous  mem- 
brane of  a  great  portion  of  the  stomach  is  lined  by  pavement  epithelhmn  like  that 
found  in  the  oesophagus,  and  absorption  from  the  stomach  is  very  slow.  (Colin, 
TraiU  de  Phygioloffie  Comparle,  Paris,  1866,  tome  ii.,  p.  29  d  atq. 

*  Bkclard,  Hecherches  JExvh'imentales  tur  lea  Fonctiont  de  la  Rate  etsur  eeUm 
de  la  Vein^  Forte. — Archives  Oenercdes  de  Medecine^  Paris,  1848,  p.  448. 

*  Bernard  found  in  the  dog  that  the  portal  blood  sometimes  contained  almost 
■8  much  fatty  emulsion  as  the  chyle  (2)ii  RSledePAppareil  Chylifhre  dam  VAh- 
Borpium  deg  Substances  Alimetitaires), — Camptes  Rendns^  Paris,  1850,  tome  xxxi., 
p.  802. 
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ioor,  was  white,  like  milk.  We  have  since  frequentiy  at- 
tempted to  denianetrate  this  exces^vely  cIitIous  condition 
of  the  blood  daring  the  absorptioo  of  (tiU,  hut  hare  fomid 
tliat  it  is  not  genei^j  bo  well  marked. 

The  greatest  part  of  the  food  is  absorbed  by  the  inteeti- 
Dfil  mo  eons  membrane,  and,  with  the  ab'mentary  snbetanoes 
proper,  a  large  quantity  of  secreted  fluid  h  reabsorbed.  This 
&et  is  particolarly  striking  m  r^ards  tlie  bile.  The  btliarj 
salts  disappear  as  the  alimentary  mass  passes  down  the  int 
tine  and  are  undoubtedly  absorbed,  thotigh  they  Bm 
chang^  that  they  c^mot  be  detected  in  the  blood  by  ibe 
ordinary  test^.  In  this  portion  of  the  alimeufary  canal ^  it 
will  be  remembered  that  an  immenge  absorbing  surface  is 
proTided^  by  the  arrangement  of  the  mucous  membrwe 
foldSj  forming  the  valvnlte  conniventee,  and  the  presence* 
the  innumerable  villi  which  are  found  throughout  tlie  sm 
inteetine.  A  certain  portion  of  the  gaseous  oootents  of  the 
integtinee  h  also  abM)rbed,  though  it  is  not  easily  a^eertained 
what  particular  ga^  are  thus  taken  tip,* 

Abmrptim  by  La^d/e^  and  Zymphatie  Fes^ia, 

The  history  of  the  discovery  of  what  is  ordinarily  t 
the  absorbent  system  of  vessels,  from  the  vague  allnsiona 
Hippocrates,  Galen,  Aristotle,  and  others,  to  the  descripti 
of  the  thoracic  duct  in'the  middle  of  the  sixteenth  een 
by  Eustachius,*  and  finally  to  the  discovery  of  the  la 
by  ABelUns^  in  1622,  ib  more  interesting  in  an  anatomi 

*  In  tr«tiiigof  digestioi^  we  b»T€  neceaaarily  coMidemi  the  complete ; 
tiim  of  itimenufy  prindplst  far  •beofptkvo,  and  bare  fraqn^ntlj  «Ui»led  lo 
fact  that  thme  priiidjil«i  at«  Imkffi  i^  mb  fist  ae  fhcj  are  tliai  iiiodii«L  Jm  : 
ikectioD  with  tbe  tubject  of  ab«orptioOf  tberdfTfei  it  will  b«  onlj  uecM 
out  tlie  t^«MeIa  wturh  are  concerned  is  tbit  Auiciiaii,  and  the  niediaiiiiiii  dt  Ike 
pattage  of  liqaids  tbrougb  tbeir  valliL 

'  BAaisoL0lLCt7»  EuBTACBtFa,  Ik  Vfntt  qum  AMypot  GrmM  dteiiur^  tic  (  O/mm- 
jiiMlowlntf,  TtnetlU,  15^4,  p,  301]^  Eiiiladiba  dboorerod  In  tbelionea  f«H. 
■d  be^muDf  at  Ibe  left  jqgukr  vein  and  dtiogndhig  toirard  Ui«  piltm  of  : 
i£afihn^  wbidi  be  described  aa  **alvaji  wbitc;,  tad  filled  vltb  wateij  1 
Tbla  was  tbe  tborad^  iJncL 
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than  in  a  physiolc^ical  point  of  view.  Our  knowledge  of 
the  anatomy  of  the  absorbent  system  dates  from  the  discov- 
ery of  the  thoracic  duct ;  but  from  the  discovery  of  the  lac- 
teak,  dates  the  history  of  these  vessels  as  the  carriers  of 
nutritive  matters  from  the  intestinal  canal  to  the  general 
system. 

In  1622,  in  making  an  experiment  on  a  dog  for  the  pur- 
pose of  demonstrating  to  some  scientific  friends  certain  points 
connected  with  the  functions  of  the  recurrent  laryngeal 
nerves,  Asellius  opened  the  abdomen  and  saw  for  the  first 
time  little  white  vessels,  passing  back  from  the  intestine 
between  the  folds  of  the  mesentery.  Not  knowing  at  first 
the  nature  of  these  vessels,  he  punctured  one  of  tliem,  and 
the  milky  fluid  escaped,  revealing  their  tnie  character.* 
The  discovery  of  the  lacteal  system  was  thus  made  appar- 
ently by  pure  accident  The  entire  history  of  this  discovery 
is  given  by  its  author.  He  states  that  when  the  dog  died, 
the  white  vessels  disappeared  from  before  his  eyes.  The  fol- 
lowing day,  on  opening  the  abdomen  of  another  dog,  he 
found  no  lacteals;  but  remembering  that  the  first  animal 
had  been  experimented  upon  while  in  full  digestion,  he  ex- 
posed the  abdominal  organs  in  another  dog  under  the  same 
conditions,  and  again  found  the  vessels  full  of  chyle.  His 
observations  upon  dogs  were  afterward  confirmed  by  experi- 
ments upon  cats,  sheep,  and  many  other  animals.  Asellius 
died  in  1626,  and  it  was  reserved  for  others  to  complete  his 
discovery  by  showing  the  true  course  of  the  lacteals ;  he 
supposing  that  they  passed  directly  to  the  liver,  where  the 
chyle  was  made  into  blood.  His  work,  De  Lactihua  sive 
Lacteis  Venhj  was  published  in  1628,*  by  Tadinus  and  Sep- 

'  G^PAR  Asellius,  De  Lactihuitive  Lacteit  Venis^  etc.,  Basileoe,  Tjpis  Henrio- 
Petrinis,  1628,  p,  19  ei  9eq. 

'  The  copy  of  Asellius  in  our  possession  was  publlrihed  by  Alexander  Tadinus 
and  Senator  Septalius,  and  bears  the  date  of  1628.  Reference  to  the  same  work, 
frablished  in  1627,  at  Mediol,  is  made  by  Bdrard  {C<mn  do  Phynologie^  Paris, 
1849,  tome  ii.,  p.  568). 
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taliiis,  two  of  liis  friends  wbo  were  pr^nt  at  his  fimt  daiaoti- 
Btration.^ 

Like  man  J  great  disco  verim,  the  detnoustratioo  of'ihe 
kcteak  wiis  denied  by  seTOral  of  the  prominent  phjiiologtAtP 
of  the  day.  Among  otherSj  Harvey  is  frequently  quoted  as 
refusing  to  recognize  the  ehiima  of  iVi&ellius;  a  want  of 
appreciation  of  the  claims  of  another  to  an  important  dis 
eovery^  whieh  might  jutstly  be  regarded  as  nngenerooa  in  ao 
great  a  discoverer,  and  one  who  suffered  so  keenly  from  sim- 
ilar oppoaitiun.  We  do  not  find,  however,  that  this  subjecl 
is  disciis^d  to  any  extent  in  the  systematic  works  of  Harvey ; 
but  it  is  mentioned  in  letters  written  during  the  later  periods 
of  his  life.  In  one  of  these^  addressed  to  Dr.  Morison,  of 
Paris,  in  1652,  in  speaking  of  the  discovery  by  Asellius  and 
the  later  discovery  of  the  connection  between  tlie  lacteak 
and  the  thoracic  duct  by  Pecquet,  Harvey,  while  admitting 
the  existence  of  the  vessels,  doea  not  acknowledge  that  they 
carry  the  chyle  from  the  intestine."  In  another  letter,  writ- 
ten in  1655,  he  excuses  himself  from  investigating  the  sub- 
ject of  the  use  of  these  vessels  on  account  of  bis  advanced 
age,  "  which  unfits  us  for  the  investigation  of  novel  snbtletios, 
and  the  mind  which  inclines  to  repose  after  the  fatigue  of 
lengthened  labors*-"  At  the  time  when  the  firs^t  lettar  w&a 
written,  Harvey  was  seveuty^four  years  of  age,  and  he  was 
seventy-^ven  at  tlie  date  of  the  second  letter.  The  positive 
proof  of  the  eonnectioii  of  tlie  lacteals  with  the  thoracic  duet 
was  only  published  in  1651,  and  the  work  reached  Harvey 
just  before  the  letter  to  Dr.  Morison  was  written.  It  is  not 
to  be  e3q)ectcd  that  Hurvey  would  at  that  time  attempt 

^  It  is  stated  bj  B  reach  (^C  ilukt  m  [&28»  the  kcteub  w&re  seen  for  iho  fimi 
time  ia  the  human  subject  The  bodr  of  n  cKtait)«l,  who  had  made  «  ef^picMS 
repast  before  hi^  exceution,  was  giTeii  by  Pdrete,  ietiitor  of  Ait,  to  GaaaeiidK 
md  aDiD«  pb  yalci&TU*  i>f  bb  aetjuiimLanee,  who  made  &ti  fixamiaaiion  ia  Itour  a&iJ 
1  half  after  da^th  and  found  the  Teascia  full  of  chyle.  (Beesciict,  S^im^  l^ai' 
phatu^,  Paris,  1830,  p.  4.) 

'  HAHVEr.  Worka,  SyJenbam  edition,  London,  1S47,  p.  604  €l  . 

Mbid^  p.      *f  ftfy. 
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with  all  the  ardor  of  youthj  to  verify  mw  experiments,  and 
his  disinclinatioE  to  do  so  should  not  be  regarded,  as  it  seeing 
to  be  hy  some,  m  a  blot  upon  his  rcputatioiK 

In  1649/  Pequet  discovered  the  receptaculimi  chjli,  and 
demonstrated  that  the  laeteals  did  not  pass  to  the  liver,  but 
emptied  the  chyle  into  the  commenec^ment  of  the  thoracic 
duct,  by  which  it  was  finally  conveyed  into  the  venous  eys- 
tern/  In  1650-'51,  the  anatomical  hidtorv  of  the  abi^orbent 
ve^ls  was  completed  by  the  discovery,  by  Rudbeekj  of  vesselB 
carrying  a  colorless  fluid,  in  the  liver,  and  finally  in  almost 
all  partfi  of  the  body.  liudbeck  demonstrated  tlie  anatomi- 
cal identity  of  t]ie:^e  vessels  with  the  lacteak**  They  were 
afterward  carefully  studied  by  BarthuliniL'3,  who  gave  them 
tlie  name  of  lymphatics/ 

It  h  unnecessary  to  follow  out  the  various  researches 
made  into  the  structure  of  the  lymphaties  in  man  ancl  the 
inferior  animaU  by  the  Huntet*Sj  Hewson,  MonrOj  Ornik- 

*  IM9  b  ^Ten  bj  Haller  as  Ihe  date  of  ttiw  disco verj  {Memmia  Fkifmoioffim, 
i^tnm^  17C5f  tomii^  vii.,  p,  203).     Same  authi>n:$  Atnio  ihhi  the  dittcovery  was 

Ri&de  in  1647t  imd  oihera  in  1648.  The  original  work  of  Fequet  was  published 
in  lie  does  not  MmeeU^        ihe  dute  of  the  diacoTcrj^  lUougb  ho  states 

ibwt  ibe  UiTestigaticins  wluch  formed  the  basis  of  his  work  occupied  three  years. 

*  J,  pEQcrsruSi  Experitn^iti  nrnfa  AnalomUa^  etc.,  in  the  IMliotheca  Anaiomi^ 
mhy  Cl*«aiCCS  nod  MAKOETtja^  GuTievoj,  lt>99,  tomtia  ii ,  p.  689  rf  sey* 

'  Olacs  RtrSBXCK,  ^-ova  E^reiiath  Analotni^i^  ^ihtniM  Iktciut  Hepaficoi 
A^wm*  H  Vmm  QhtAdul^srmn  ^rota,  in  the  Bihlmtheca  Analotni&i^  tomiua  it.,  p« 

*  BABTUOLiiiUB,  VfttQrttm  L^^mphaHf^irum  Hixfnrm  novu^  m  the  BibluH/te&i. 
Ariisi&tnie^^  tomus  IL,  p.  722,  The  hr>n(ir  of  tbc  duacosery  of  the  lymphatics  In 
\tj  some  diirmed  for  Bartbolitius.  His  observations,  boiffever,  were  made  in 
1661-62,  while  the*^  of  Rudbeck  were  made  in  IftSO-'Bl. 

Some  autliors  have  adranced  the  olaima  of  Br.  JoljfTe,  an  EngliBb  anat- 
omist, to  the  di34;f»vety  of  tbe  Ijmphatie^,  In  Cniikshank'a  etitbomte  work 
(  77ie  AnaSamif  of  ihs  A&fiorbinff  Vessels  in  J/jji,  «e<30ud  edition,  Loudon,  1790, 
$6),  it  ii  stated  that  in  1653,  Dr.  JolyfTe,  who  was  then  taking  bj;i  degree  at 
Cimbcidge,  informed  Giisson  that  he  had  diacovere*!  a  fourth  variety  of  Ti"5^el3, 
di^rcnt  from  the  veins,  arteries,  and  uerres.  Tbij  waa  two  yeiira  later  than  the 
diftcorerj  of  these  vessels  by  Hudbeck ;  and  It  ia  erideni  that  Jolyfib,  who  mude 
no  publiciitioti  of  bis  observations  at  the  time,  has  no  claim  to  prionty,  though 
he  ma  J  bfkve  been  igoorant  of  the  obdervations  of  his  predecetsora. 
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elinuk,  and  others.  Tliese  vessels  are  very  delicate  and 
cult  of  study ;  and  one  of  the  most  important  ati&totn" 
questions  of  the  present  day  is  whetlier  they  present  o 
at  their  origin  in  the  intestines  and  other  pnrts  or  be  d 
all  matters  absorbed  penetrating  by  imbibitioD.  The  old  id 
which  dates  from  tlie  diBcoTeri^  of  Asellius  and  P 
that  the  lacteals  absorb  all  the  prodncta  of  digestioiij 
overthrown  by  the  experiments  of  Magendie  and  of  those 
who  experimented  after  hira  on  vast^iilar  abeorption,  Ii 
now  known  that  the  fatty  portions  of  the  food,  redaoed  to  a 
very  fine  emulsion  by  the  pancreatic  juiee^  are  absorbed 
this  system  of  ves-^ls,  and  that  these  are  the  only  principles 
whicJi  are  taken  up  in  great  quantity.  The  argumentA  whid^ 
we  have  already  mentioned  are  sufficient  to  establish 
fact.  If  the  abdomen  of  a  living  animal  be  opette*!  during  fall 
dig^tion^  thenj  and  then  only,  will  the  lacteal^  and  tlm 
tioracic  duct  be  found  distended  with  fatty  einulBion.  If  ih 
organ  which  digeets  fat  be  rendered  incapable  of  perfomung  its 
fimcdon ,  the  lacteals  cease  to  carry  chyle.  These  vessels  do  i 
appear  in  the  mesentery  until  the  food  has  passed  the  orifice  i 
the  pancreatic  duct.  Finally,  the  observations  of  BonehardAt 
and  Sandras  remove  all  doubt  to  the  absorption  of  the  pri>- 
ducts  of  the  digestion  of  fatly  matters  by  the  lacteak ;  for  th^; 
obeerveiB  found  not  only  that  in  dogs  the  proportion  of  fat  in 
tlie  chyle  was  increased  pari  pmmt  with  an  increase  m  the 
quantity  of  fat  taken  as  food,  but  that  the  particular  kiniia  of 
fat  administered  to  the  animals  could  be  recfigniml  in  Ae 
chyle.'  We  have  seen  that  a  certain  quantity  of  fat  eacupea 
the  lacteals  and  is  absorbed  directly  by  the  bhxid-ve-fisels ;  and 
it  becomes  an  important  question  to  determine  whether  the 
lacteals,  in  addition  ti>  their  more  prominent  function,  be  ncil 
concerned  in  the  absorption  of  drinks,  the  albuminoids,  saline 
and  saccharine  matters^  etc.    This  quastiou  wiU  be  taken  up 
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after  the  consideration  of  certain  points  in  the  anatomy  of 
the  lymphatic  system/ 

Physiological  Anatomy  of  the  Lacteal  and  Lymphatio 
System. — One  of  the  most  difficult  problems  in  anatomy  is 
to  determine  the  situation  and  mode  of  origin  of  the  lymphat- 
ics in  diflFerent  parts  of  the  body.  The  tenuity  of  tiio  walls 
of  these  vessels,  even  in  their  course,  and  the  presence  of  in- 
numerable valves,  render  it  impossible  to  study  them  by  the 
ordinary  methods  of  injection.  Since  it  has  been  ascertained, 
however,  that  they  originate  in  many  parts  by  a  rich  anas- 
tamoeing  plexus,  their  anatomy  has  been  well  made  out  in 
certain  situations,  by  simply  puncturing  with  a  fine-pointed 
canula  the  parts  in  which  the  plexus  is  supposed  to  exist,  and 
allowing  a  fluid,  generally  mercury,  to  gently  diffuse  itself  in 
the  vessels  of  origin.  Following  the  course  of  the  vessels, 
the  fluid  passes  into  the  larger  trunks,  and  thence  to  the  lym- 
phatic glands.  The  regularity  of  the  plexus  through  whicli 
the  fluid  is  first  diffused  and  the  passage  of  the  injection 
through  the  larger  vessels  to  the  glands  are  positive  proof 
that  the  lymphatics  have  been  penetrated,  and  that  the  a^)- 
pearances  observed  are  not  the  result  of  mere  infiltration. 
This  mode  of  investigation  is  best  illustrated  in  the  injection 
of  the  lymphatics  of  the  skin.  The  pressure  employed  is  de- 
rived simply  from  a  column  of  mercury  of  sufficient  height ; 
the  tube  in  which  the  mercury  is  contained  being  connected 
with  a  flexible  tube,  by  which  the  height  may  be  readily  in- 

'  One  of  the  most  successful  of  the  early  investigators  into  the  anatomy  of 
the  lymphatic  system  waa  the  great  anatomist,  MascagnL  lie  demonstrated  the 
capillary  plexus  of  origin  of  these  vessels  in  many  of  the  tissues  of  the  body, 
but  was  led  into  the  error,  in  some  instances,  of  supposing  that  fluid  simply  ex- 
tTATisated  in  the  substance  of  the  tissue  was  contained  in  lymphatic  vessels.  He 
has  therefore  described  Ijrmphatics  in  situations  where  they  have  not  been  de* 
monstrated  by  more  recent  investigations.  However,  the  figures  which  he  gives 
of  these  vessebt  are  copied  into  many  of  the  recent  works  on  anatomy.  (Mm- 
GAOin,  Jki  Vati  lAnfaticL — Prodrcmo  dtUa  Grande  Anatomia^  Firciizc,  1819, 
pp.  8-64.) 
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creased  or  diminished  at  wilL  With  the  flexible  tube  is  ooa- 
nected  the  capillary  tube  of  glass,  whidi  is  to  be  introduced 
ID  to  the  part  to  be  injected.  In  the  case  of  the  skin,  tlie  fine 
glam  point  is  introduced  jimt  below  the  cuticle  at  &o  acate  an 
angle  as  to  be  olmoet  horizontah  A  stop-cock,  which  is  con* 
nected  with  a  tnbe  into  which  the  glass  point  is  fitted,  is  tht*n 
turned  J  and  the  pressure  of  ^e  column  of  mercury  forces  iJi 
the  injection.  The  puncture  in  the  skin  is  to  b©  very  anper- 
ficial,  otherwise  the  mercury  wiU  pass  int^  the  blood-yeaeek. 
IfYheu  the  operation  has  been  suc-cessfulj  the  mercury  will  be 
seen  to  cover  the  skin  with  a  silvery  net-work/'  The  tub© 
should  renaain  in  place  for  from  half  a  minute  to  a  nnnute 
only.  To  demonstrate  that  this  plexus  really  consists  of 
lymphatic  v^sek,  one  of  them  may  be  denuded  and  ptmc* 
tiired  with  the  glass  pointy  when  the  lymphatic  will  beooaie 
iustantly  distended  as  far  as  the  nearot^t  gland^  in  which  the 
injection  k  always  arrested/ 

Lyniphatica  have  not  been  actually  injected  and  demon- 
strated in  all  the  tissues  of  the  body ;  but  in  eome  parts  in 
whic'h  it  has  been  thus  far  impossible  to  inject  them,  we  are 
not  justified  in  assuming  positively  that  they  do  not  exkt. 
For  exiimplCj  in  the  intestinal  viUi,  acconlkig  to  Sappey,  these 
vessels  have  never  been  seen,  though  their  exiatenee  is  al- 
most certain*  Tlie  view  entertained  by  Sappey  with  regiml 
to  the  ordinary  mode  of  origin  of  the  lymphatic  vessels  ig 
that  they  commence  by  a  closed  capillary  plexus,  which  does 
not  commnuieate  with  either  the  small  arteriesj  veins^  or  the 
c^ipillary  blood-vessels,  and  is  always  situated  externally  to 
the  blood-vessels*  It  does  not  appear  that  the  vessels  compos- 
ing this  plexus  vary  much  in  size.  They  are  very  elastic, 
andj  after  distension  by  injection,  they  return  to  a  very  small 
diameter  when  the  fluid  is  allowed  to  escape.    It  i^  prob- 

^  For  fuU  details  for  ibe  perform nnoe  of  thmt  eiceedliiglj*()eHcikte  mftniftol^ 
iXom^  tlic  roadcf  m  referred  to  the  work  of  Sappey^.  {TVmiii  tPanatimiit  dfmrri^ 
Ht%  Pa.rii,  1869|  tome  u.^  B09  d  irq,}  This  s^uthor  h»&  bo&n  pcoulittHf  mo^ 
ce^^ful  in  hh  reeeurcliea  luto  the  minute  amitomjr  of  tlit^  Ijmptiatie  sjifian. 
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ible,  thereforej  that  the  cfipaeity  of  the  vessels  is  much  ex- 
aggerated by  the  means  w^hich  are  takea  to  render  them 
a]>parent-  In  the  elaljorate  observations  by  Dr.  Belaieffj  oi' 
St,  Petersburg,  into  t!ie  origin  of  the  Ijinphaties  of  the  penis, 
the  walls  of  the  vessels  were  rendered  apparent  by  the  action 
of  nitrate  of  silver  in  aohition  in  pure  water,  and  it  h  prob- 
able tiat  they  were  very  little  distended*  The  smallest  of 
these  vessels  had  a  diameter  of  about  of  an  inch/  This 
may  be  taken  as  their  average  diameter  in  the  primitive 
plexus.  This  plejoiSj  when  the  veaseb  are  abundant,  as  they 
arc  in  certain  part^  of  the  cntaneoug  Borfaee,  resembled  an 
ordinary  plexns  of  cajvillary  blood-vessels^  except  that  the 
walls  of  the  vessels  are  thinner  and  their  diameter  is  greater- 

In  a  recent  work  on 
the  lymphatic  system^  by 
Dr.  Labeda,  which  seems 
to  represent  the  latest 
ideas  of  the  French  school/ 
it  is  stated,  on  tlie  anthor- 
ity  of  Robin  (whose  ob- 
^rvations  are  said  to  have 
been  confirmed  hj  His), 
that  the  vessela  of  ori- 
gin of  the  IjTnphatic  sys- 
tem are  always  applied  in 
tlie  form  of  a  half-eylin' 
der  ppoii  the  capillary 
blood-vessels  '^in  sueh  a 
manner  that  t!ie  wall  of 
the  capillary  forma  one 
wall  of  the  lymphatic; 
they  do  not  pass  along  the 
TsinSy  but  along  the  arte- 


l.  Deep  Of  ttil>deTui1«  net-wnrk  of  Irmpbatlei 
of  the  ilcfn,— ftSLSLf.  TetHk  br»Q«hlng  fKin 
thii  n«(*WDrk  And  Applied  l<»  tlic  tiitemitl  fiic^ 
of  tbfc  IntcFEinnMit,  from  which  tbi»y  toon  ex* 
lend  and  psiM  inio  th^  AubatuDcc  of  the  i.ubc^« 


*  LABij>A^  Sf/itfime  L^mjihaiique^  Puna,  ISfiO. 
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riole^,  and  apply  themselvea  indietiDctly  in  the  fonn  of  m 
ooBcentric  demi-CEnal  upon  each  capiUarv,  then  the  lym- 
phatie  is  detached  little  by  little  from  the  vessel  which 
it  accompanieg,  and  pos§e@e68  a  proper  indiTiduality  {auith 
nmnie)  [G&ure  de  Ch.  Eobdc),''  '  Robin  alludes  to  tlm  afl 
the  general  mode  of  origin  of  the  lymphatics,  and  menttooi 
the  iinposfiibility  of  capillary  rapture  or  capUIary  eisoenioBii 
^vithout  communication  ^ith  tlie  lymphatieB  wh€ai  they  ex- 
ist." ■  But  in  a  later  publication,  on  the  lymphatic  systoia 
of  the  torpedo  J  he  describes  this  disposition  of  the  lympKal- 
ies  around  the  small  arteries,  in  fishes,  reptiles,  and  batra- 
chiaus,  without  applying  it  distinctly  to  the  human  &ubjecl.^ 
Bobiu  has  described  a  peculiar  mode  of  origin  in  the  lyni- 
phatics  of  the  brain  and  Bpinal  cord,  which  will  be  referml 
to  in  connection  with  the  mode  of  origin  of  the  lympliatios 
in  particular  parts. 

In  the  general  deseriptiou  of  the  lymphatic  system, 
sets  of  vessels  are  usually  recognized ;  the  plexus  situated  on 
the  general  surface ;  the  deep  vessels ;  and  those  coming  firoiB 
the  small  intestiue,  ordinarily  called  lacteals. 

The  superficial  vessels  haire  tlie  smallest  diameter,  and 
are  by  far  the  most  numerouSw  They  are  composed  of  the 
fine  plexus  already  mentioned,  very  superficially  situated  in 
the  skin,  and  a  second  plejcufi  just  below  the  skin,  compoeed 
of  Tessels  of  much  greater  diameter.  The  skin  is  thus  en- 
closed, as  it  were  J  between  two  plexuses  of  capillary  Ivm* 
phatics,  A  plexus  analogous  to  the  most  superficial  plexus 
of  the  skin  is  found  just  beneath  the  surface  of  the  mm 
membranes.  These  may,  indeed,  be  classed  with  the  sn 
fieial  lymphatics. 

The  det5p  lymphatics  are  much  lai^er  and  lees  ntimero' 
and  their  origin  is  less  easily  made  out.   These  aceompun 

*  Labeda^  By^i^t  lympkaii^^  Paris,  1866,  p.  S7, 

*  Ro0iXf  Mhtmrw  *ur  t anatomic  dm  l^phaii^mm  dm  iorpUim,^^mifmmi  d§ 
tanmt^mu  €t  <k  In  phi^^loffif^  Fatis,  1867,  tome  1^,,  p.  S,  H 
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tlie  deeper  veins  in  their  course.  They  receive  the  lymph 
from  the  superficial  vessels. 

No  valvular  arrangement  is  found  in  the  smallest  lym- 
phatics ;  but  the  vessels  coming  from  the  primitive  plexuses, 
and  the  large  vessels,  contain  valves  in  immense  numbers.. 
These  valves,  being  so  closely  set  in  the  vessels,  give  to  them, 
when  filled  with  injection,  a  peculiar  and  characteristic  bead- 
ed appearance. 

The  course  of  the  lymphatics  is  generally  tolerably  direct. 
As  they  pass  toward  the  great  trunks  by  which  they  com- 
municate ^vith  the  venous  system,  they  present  a  peculiar 
anastomosis  with  the  adjacent  vessels,  called  anastomosis  by 
bifurcation ;  that  is,  as  a  vessel  passes  along  with  other  ves- 
Bels  nearly  parallel  with  it,  it  bifurcates,  and  the  two  branches 
pass  into  the  nearest  vessels  on  either  aide.  These  anasto- 
moses are  quite  frequent  and  generally  occur  between  vessels 
of  equal  size.  In  their  course,  the  vessels  pass  through  the 
lymphatic  glands,  which  will  be  described  farther  on. 

A  notable  peculiarity  in  the  lymphatic  vessels  is  that  they 
vary  very  little  in  size,  being  nearly  as  large  at  the  extremities 
as  they  are  near  the  trunk.  In  their  course,  they  are  always 
much  smaller  than  the  veins  and  do  not  progressively  enlarge 
as  they  pass  on  to  the  great  lymphatic  trunks.  The  largest- 
sized  vessels  as  they  pass  from  the  skin  are  from  to  ^  of 
an  inch  in  diameter,*  and  the  larger  vessels,  in  their  course, 
have  a  diameter  of  from  yV  to  |  of  an  inch.  As  in  the  case 
of  the  smallest  lymphatics  in  the  primitive  plexus,  the  elasti- 
city of  the  walls  of  the  vessels  renders  their  caliber  greatly 
dependent  upon  the  pressure  of  fluid  in  their  interior.  Many 
anatomists  have  noticed  that  vessels  hardly  perceptible  while 
empty  are  capable  of  being  dilated  to  the  diameter  of  half 
a  line  or  more,  returning  to  their  original  size  as  soon  as  the 
distending  fluid  is  removed.' 

*  BiLAiSFr,  Jiec\erche8  microscfipiquet  tur  les  vameattx  lymphaiiques, — kfour- 
n€d  de  Vanaiomie  etdela  phytiologie^  Paris,  1866,  tome  iii.,'p.  469. 

•  Mn  NX-Edwards,  Lefona  tur  la  physiologie^  Paris,  1869,  tome  ir.,  p,  609,  note. 
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The  peculiarities  which  the  lymijliatics  present  in 
different  tissues  and  organB  do  not  possess  much  physiolo- 
gical inijerest,  except  the  arrangement  of  the  ve?5^k  of  ori* 
gin  in  the  euhstaiice  of  the  braia  and  ipiiial  eoni.  In  the 
aHii,  the  only  intere^tiug  peculiarity  which  we  have  not  al- 
ready noticed  is  that  the  vessels  appear  to  be  7ery  nnequally 
distributed  in  difterent  parts  of  the  surface-  According  to 
Sappey^*  they  are  particularly  abundant  in  the  scalp  oTerl 
biparietal  euturej  the  soles  of  the  feet  and  the  palms  of  the 
hand,  the  fingers  at  the  latent!  portion  of  the  la.^t  phalanges, 
and  the  scrotum.  In  the  median  portion  of  the  scrotum,  tlie^~ 
attain  theii*  highest  degree  of  deveiopTiient,  They  are  nho 
tbnnd,  though  in  fewer  nnmberSj  originating  from  amctnd 
the  median  line  on  the  anterior  and  posterior  surface  of 
the  trunk;  the  posterior  median  portion  of  the  eictremitiai 
the  skin  over  the  mammae ;  and  around  the  orifices  of 
mucous  passages*  Sappey  has  injected  lymphatic  vieBsals  i 
the  anterior  portion  of  the  fore-arm,  the  thigh,  and  the  leg, 
and  the  middle  portion  of  the  face,  though  they  are  demon- 
strated with  difficalty  in  these  situations.  If  they  exi^t  at 
all  in  other  portions  of  the  cntaneons  surface,  they  are  few  in 
number  and  nidimentary. 

In  the  raucous  system,  the  lymphatics  are  Tery  abnii«lant. 
Here  are  found,  as  in  the  skin,  two  distinct  layers  which  en- 
close l>etween  them  the  wliole  tliickness  of  the  mucous  m 
brane.  The  more  superficial  of  these  layers  is  composed 
a  rich  plexus  of  small  vessels,  and  beneath  the  mucous  me^ 
brane  h  a  plexus  consisting  of  ve^k  of  larger  size  and  le^ 
nutnerous.  The  superficial  plexus  i*  ex  ?eedingly  rich  in  the 
mixed  structure  which  forms  the  lips  and  tlie  glans  penisj  and 
around  tlie  orifices  of  the  mouth,  the  nares,  the  vagina,  aiiil 
tlie  anus.  There  are  certain  mucous  membranas  in  wliich  the 
lymphatics  have  never  been  injected.  These  are  the  mncoiB 
membrane  lining  the  urinary  bladder  and  the  mucous  mem- 
brane of  the  body  of  the  uterus.  It  is  probable^  also,  thai  Uie 

*  SippKT,  TruiU  (Tunalo^rtsV,  Pasts,  I8(a^»,  tome  ii.^  p.  7ft7 
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observations  indicating  the  presence  of  lymphatics  in  the  con- 
junctiva are  erroneous.  When  an  injection  has  appeared  to 
penetrate  in  these  situations,  it  was  probal)ly  a  mere  infiltra- 
tion of  the  parts,  as  the  fluids  never  have  been  made  to  enter 
the  larger  vessels,  much  less  pass  to  a  lymphatic  gland.' 

In  the  visceral  layer  of  the  serous  membranes,  the  lym- 
phatics have  been  demonstrated  in  great  abundance ;  but  here 
they  are  supposed  by  Sappey  to  be  derived  from  the  or<>;ans 
to  which  these  membranes  are  adlierent.  Their  existence  in 
the  parietal  portion  of  the  membranes  is  doubtful ;  and  if 
they  exist  here  at  all,  their  number  is  not  great.  Their  ex- 
istence in  the  synovial  membranes  is  doubtful. 

Lymphatics  have  been  demonstrated  as  taking  their  origin 
in  the  voluntary  muscles,  the  diaphragm,  the  heart,  and  the 
non-striated  muscular  coats  of  the  hollow  viscera,  though 
their  investigation  in  these  situations  is  exceedingly  diffi- 
cult. 

Lymphatics  are  found  coming  from  the  lungs  in  immense 
numbers.  These  arise  in  the  walls  of  the  air-cells,  and  sur- 
round each  pulmonary  lobule  with  a  close  plexus.  The  deep 
vessels  follow  the  course  of  the  bronchial  tubes,  passing 
through  the  bronchial  glands  and  the  glands  at  the  bifurca- 
tion of  the  trachea,  to  empty  into  the  thoracic  duct  and  the 
great  lymphatic  duct  of  the  right  side. 

In  the  glandular  system,  including  the  ductless  glands, 
and  in  the  ovaries,  the  lymphatic  vessels  are,  as  a  rule,  more 
abundant  than  in  any  other  parts  of  the  body.  They  are 
especially  numerous  in  the  testicle,  the  ovary,  tlie  liver,  and 
the  kidney. 

In  the  substance  of  the  brain  and  spinal  cord,  Robin  and 
His  have  demonstrated  a  curious  system  of  vessels  which  en- 
tirely surround  the  capillary  blood-vessels,  and  are  connected 
with  the  lymphatic  trunks  or  reservoirs  described  by  Foh- 
mann  under  the  pia  mater.  The  capilkry  blood-vessels  thus 
float  in  a  fluid  contained  in  these  cylindneal  sheaths,  which 

^  Sappky,  ojk  cit.^  tome  ii.,  p.  7^'9. 
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eTcceed  them  io  diameter  by  from  r^^j      ilr  €*f  iiidi 
Tlies-e  inTei^thig  ves^ls  follow  tlie  l)lcKKl-%"u^^b  iti  their  j 
ficationis  fiod  contain  a  clear  fluid^  with  bodies  resembliog 
the  lymplK'orpim'ltis,  ^Vhcn  Robin  fir^l  ciescribetl  these  Te&» . 
sek  tniftutely,  lie  did  not  state  definitely  their  physiolqgieall 
relatioua ; '  but  he  has  since  published  a  memoir  in  wliicli  he 
describes  them  as  true  lyruphatic  vessefe,  analogoij*  to  ih©^ 
lymphatics  which  partly  surraimd  the  sinall  blu 
eels  in  &Bkmj  reptilesi,  and  hatracbians,*   In  these  animab,] 
the  lyiupharica  in  many  parts  nearly  surround  the  bloi4 
veB^ls,  to  the  walls  of  which  the  edges  of  their  proper  coat  ^ 
are  adherent ;  and  that  portion  of  the  wall  of  the  blood- 
vessel wlnc4i  IS  thus  enclosed  forms  at  tlie  same  time  the  waU  j 
of  Uie  h  niiihatic.'    This  di^pti&ition  of  tlie  lymphatics  ia  ^ 
brain  and  spinal  cord  would  allow  of  firoe  intercbaiig©  br 
eTid':)sini  i^ij§  and  exoemoals  of  the  liquid  portiooa  uf  tlie  blood 
and  the  lymph* 

The  following  are  the  principal  situationg^  in  addition  to 
those  already  mentional,  in  which  lymphatic  vesaela  Imi 
neyer  been  satisfactorily  demonstrated,  and  in  which 
existence,  even  is  donbtful :  the  walls  of  the  blood-Te 
the  osseous  systeni,  ligaments,  and  tlie  genenil  fibrous  sys- 
tem- It  is  almost  !mneecs«ar>'  to  add  that  they  are  Doi 
fouud  in  the  teeth,  hair,  nails,  epidermis,  and  the  epithelii 
structures. 

The  lymphatic  vessels  ftom  the  superfieial  and  deep  par-, 
tions  of  the  head  and  face  on  the  right  side,  and  ihoee 


4etSt»i^phmk.'-Jottm4^d0  in  FhpMe^  IU%  tme  iU  |i.  MS 

*  BoBiif,  Minwirt  fur  tAnaiMu  dm  I^mpktiiqvm  dm  TwpSSm, —  fTnw  irf 
•Ar  PAmaiomii'  tide  I^ytiol*j^if^  Fari#^  Ujfneif*,  p.  S  «t  **f» 

*  Th(»  es^cDtJd  AHAiofnied  ehAraL-U^r^  of  iIk;  cauiU  Burroandiaig  lbs  I 
TCMli  m  the  nertom  cetitr«a  wtsre  described  bf  Bj%  fn  ISOft,  pt^hMf  i 
ft  knQwM^  (if  tlie  pretiotta  ob^vrvAikms  oT  Eoblo.  Qtx^  Om  ike  fhiimm  ^4 

mpom  *i»  rrtatwm  $0  the  Lymph^tie  S^rthm.- — BriitMh  and  Forn^m  3Mim*€ldrmr^ 

giml  Mtrinr,  JiOiiiirT,  £37.) 
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the  superficial  and  deep  portions  of  the  right  arm,  the  right 
half  of  the  chest,  and  the  mammary  gland,  with  a  few  vessels 
from  the  lungs,  pass  into  the  great  lymphatic  duct  (ductus 
lymphaticus  dexter),  which  empties  into  the  venous  system 
at  the  junction  of  the  right  subclavian  with  the  internal 
jugular.  This  vessel  is  about  an  inch  in  length  and  from 
one-twelfth  to  one-eighth  of  an  inch  in  diameter.  It  is  pro- 
vided with  a  pair  of  semilunar  valves  at  its  opening  into 
the  veins,  which  effectually  prevent  the  ingress  of  blood. 

The  vessels  from  the  inferior  extremities,  and  those  from 
the  lower  portions  of  the  trunk,  the  pelvic  viscera,  and  the 
abdominal  organs,  generally  pass  into  the  thoracic  duct.  In 
their  course,  all  of  the  lymphatics  pass  through  the  small, 
flattened,  oval  bodies,  called  the  lymphatic  glands,  which  are 
so  abundant  in  the  groin,  the  axilla,  the  pelvis,  and  some 
other  parts.  From  two  to  six  vessels,  called  the  vasa  affer-  • 
entia,  enter  these  bodies,  having  first  broken  up  into  a  num- 
ber of  smaller  vessels  just  before  they  pass  in.  They  pass 
out  by  a  number  of  small  vessels  which  unite  to  fonn  one, 
two,  or  three  trunks,  generally  of  larger  size  than  the  vasa 
afferentia.  The  vessels  which  thus  emerge  from  the  glands 
are  called  vasa  efferentia. 

The  lymphatics  of  the  small  intestine,  called  lacteals,  pass 
from  the  intestine  between  the  folds  of  the  mesentery  to 
empty,  sometimes  by  one,  and  sometimes  by  four  or  five 
trunks,  into  the  receptaculum  chyli.  In  their  course,  the 
lacteals  pass  through  several  sets  of  lymphatic  glands,  which 
are  here  called  mesenteric  glands. 

The  thoracic  duct,  into  which  the  great  majority  of  the 
lymphatic  vessels  empty,  is  a  vessel  with  exceedingly  delicate 
walls,  and  about  the  size  of  a  goose-quill.  It  commences  by  a 
dilatation  more  or  less  marked,  called  the  receptaculum  chyli. 
This  is  situated  upon  the  second  lumbar  vertebra.  The  canal 
passes  upward  in  the  median  line  for  the  inferior  half  of  its 
length.  It  then  inclines  to  the  left  side,  forms  a  semicircu- 
lar curve  something  like  the  arch  of  the  aorta,  and  empties  at 
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the  junction  of  the  left  gubclariaii  with  the  interoal  jngtihir 
vein.  It  diminfehefi  in  size  from  the  m-eptaeulom  to  its  oiii^ 
ii\e  poitioii,  and  heeonie^  larger  agitin  near  it^  terminati 
It  occii*ionallj  hitkreates  near  the  iiiiddle  ut  rho  th<>rax^  * 
the  branches  become  reuuited  a  short  distance  at>ave.  At 
ite  opening  into  tlie  venous  sjeteni.  there  is  generally  a 
vular  tbldj  but,  according  to  Sappej^  thi*  is  not  constaDt. 
There  U  always,  however,  a  pair  of  semilunar  valves  in  tlio 
diictj  from  three-quarters  of  an  inch  to  an  inch  from  itB 
termination  J  which  effectnallv  prevent  the  entrance  «"'f  Wr»^»<l 
from  the  venoujs  ejstem. 

It  is  now  generally  admitted  that  the  lymplmtie  aud  lac- 
teal vessels  have  no  connection  with  the  blood- vesselsj  exce 
by  the  two  openings  by  which  they  di^thiirge  their  eontcn 
into  the  venous  system.  Tiie  foregoing  sketch  of  the  de- 
scriptive anatomy  of  what  baa  been  called  the  al^^rbe 
83'stem  of  vessels  show^  that  they  nmy  collect  fluids,  not  o 
fi'om  the  intestinal  canal  during  digestion,  but  froiti  nen 
every  tissue  and  oi^gau  in  the  liody ;  and  that  these  flui 
are  receiv^ed  into  the  venoiui  eircnlation- 

Siructiire  of  tf*e  Laded*  and  Lpnphatic  Jlmels. — The 
lymphatic  vessels,  even  those  of  largest  size,  are  reinarkalde 
for  the  delicacy  and  transparency  of  tlieir  walk.  This  is  well 
illustmte<l  in  the  case  of  tlie  lacteals,  which  are  Imrdly  vbil 
in  the  transparent  mesentery,  unless  filled  with  opn4|ue  ehy 

From  the  difficulty  in  studying  the  lymphatits  at  their 
origin,  except  by  means  of  injections,  or  reagents  whieb  sraj~ 
the  vca^els,  investigations  into  tlie  structure  of  the  amall 
vessels  liave  been  very  few  and  not  very  satisfactory.  It  i* 
!iup{H)sed,  however^  that  the  vessels  here  consist  of  a  gir  .  ' 
amorphous  coat^  resembling,  in  this  regard*  the  Ciijiill  .j  , 
blood-vesselfi.  Dr,  BelaietJ'  describes  in  tli©  capillary  lym- 
phatics of  the  penis,  a  lining  of  epithelial  cells  arranfred  in 
a  single  layer.    These  cells  are  oval,  polygonal,  ftisiform  or 

>  B4mT,  Tmii  d^mnimnte,  Farb,         tome  u^j^lH, 
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dentated,  with  their  long  diameter  in  the  direction  of  the 
axis  of  the  vessels.*  The  arrangement  of  the  epithelial  lin- 
ing has  been  made  out  chiefly  bj  the  preparations  treated 
with  nitrate  of  silver,  which  stains  the  borders  of  the  cells. 

In  all  but  the  capillary  vessels,  althoiigh  the  walls  are 
excessively  thin,  three  distinct  coats  can  be  distinguished. 
The  internal  coat  consists  of  a  membrane  lined  with  oblong 
epithelial  cells.  These  cells,  however,  do  not  form  a  con- 
tinuous sheet,  as  in  the  capilliiries.  According  to  some  anat- 
omists, the  membrane  is  composed  of  reticulated  longitudi- 
nal fibres.  Sappey  regards  this  membrane  as  fibroid,  and 
not  really  fibrous  in  its  structure.'  This  coat  is  somewhat 
elastic,  though  it  readily  gives  way  when  the  vessels  are 
forcibly  distended.  The  middle  coat  is  composed  of  longi- 
tudinal fibres  of  the  white  fibrous  tissue,  with  delicate 
elastic  fibres  and  unstriped  nmscular  fibres  arranged  trans- 
versely. The  external  coat  is  composed  of  the  same  struc- 
tures as  the  middle  coat ;  but  the  fibres  are  arranged,  for 
the  most  part,  longitudinally.  In  this  coat,  the  muscular 
fibres  do  not  form  a  continuous  sheet,  but  are  collected  into 
separate  fasciculi,  which  have  a  direction  either  longitudinal 
or  oblique.  The  fibres  of  connective  tissue  are  very  abun- 
dant, and  loosely  unite  the  vessels  to  the  surrounding  parts. 
The  internal  and  the  middle  coat  are  closely  adherent  to 
each  other ;  but  the  external  coat  may  readily  be  separated 
from  the  others.  Blood-vessels  have  been  found  in  the  walls 
of  the  lymphatics,  but,  as  yet,  the  presence  of  nerves  has  not 
been  demonstrated. 

The  walls  of  the  lymphatic  vessels  are  very  closely  ad- 
herent to  the  surrounding  tissues ;  so  closely,  indeed,  that 
even  a  small  portion  of  a  vessel  is  detached  with  great  diflS- 
culty,  and  the  vessels,  even  those  of  large  size,  cannot  be 
followed  out  and  isolated  for  any  considerable  distance. 

*  Bklaieff,  Jonrnal  de  VancOomie  et  de  la  phynoloffie^  Paris,  1866,  tome  liL, 
p.  469. 

«  Op,  city  tome  il,  p.  795. 
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In  all  the  lymphatic  yes^els,  beginning  a  short  distance 
from  their  pleMS  of  origin^  are  found  numerous  semilunar 
valvesj  generally  arranged  in  pair&j  with  tlieir  oonca^ties 
looking  toward  the  larger  trunks.  These  folds^  are  fi>nne<l 
of  the  two  inner  coata ;  but  the  fold  formed  of  the  lining 
membrane  is  by  far  the  wider,  so  that  tlie  free  edges  of  the 
valves  are  eonBiderably  thinner  than  that  portion  which  ii 
attached  directly  to  the  veBseb  In  gome  of  the  veasels,  at 
the  point  where  one  lympliatie  eommiuiicates  with  another, 
there  is  a  valve  formed  of  two  folds,  one  of  which  is  mneli 
wider  than  the  other ;  hut  in  the  valves  situated  in  the  eoiir^ 
of  the  ve^^ebj  the  curtains  are  of  equal  si/.e.  The  valvess  are 
very  numerous  in  all  of  the  lymphaties ;  but  they  are  tmi^t 
abundant  in  the  superficial  v^els,  Sappey  counted  from 
sixty  to  eighty  in  tlie  vessels  of  the  arm,  from  tho  fiiit^r^ 
to  the  axillary  glandii,  and  from  eighty  to  one  hundred  in 
the  long  vessels  of  the  lower  extremities,*  The  diiitaucd 
between  the  valves  is  from  one-twelfth  to  one-eigbtli  uf  un 
inchj  near  the  origin  of  the  vessek,  and  from  oue-quarter  to 
one-third  of  an  inch,  in  their  course.  In  the  lymphatics  fiiiu- 
ated  between  tlie  muBcles,  the  valves  are  less  numemtia. 
They  are  always  relatively  few  in  the  vessels  of  the  head  and 
neck  and  in  all  that  have  a  direction  from  above  downwmnL 
Tliough  there  are  a  number  of  valves  in  the  thoracic  duct, 
they  are  not  so  numerous  here  m  in  the  smaller  ve^kp 

In  their  anatomy  and  general  properties,  the  lymphatics 
bear  a  close  resemblance  to  the  veins.  Tliough  much  thinner 
and  more  transparent,  their  coats  have  nearly  the  same  ar- 
rangement. The  arrangement  of  valves  is  entirely  the  mme ; 
and  in  both  systems,  the  folds  prevent  the  reflux  of  fluids  wlien 
the  vessels  are  subjected  to  pressure,  A  number  of  foretM 
(which  will  be  considered  hereafter)  combine  to  pixidnco  llie 
flow  of  lymph  and  cliyle  in  the  absorbent  system-  Among 
these  is  intermittent  pr^ure  from  surrounding  parts^  whicb 


>  Op,  mt^  tome  ii,  p.  7S& 
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could  only  operate  favorably  in  vessels  provided  with  numer- 
ous valves. 

We  have  already  referred  to  the  great  elasticity  of  the 
lymphatics.  It  is  now  pretty  generally  admitted  that  the 
larger  vessels  and  those  of  medium  size  are  also  cndoAved 
with  contractility,  although  the  action  of  their  muscular 
fibres,  like  that  of  all  fibres  of  the  involuntury,  or  non-stri- 
ated variety,  is  slow  and  gradual.  Todd  and  Bowman  have 
demonstrated  this  property  by  mechanically  irritating  the 
thoracic  duct  in  an  animal  recently  killed,  but  they  observed 
that  the  contraction  was  very  slow.*  Milne-Edwards,  quot- 
ing from  a  manuscript  presented  by  Colin  to  the  Academy 
of  Sciences,  in  1858,  states  that  this  observer  noted  alternate 
filling  and  emptying  of  some  of  the  lacteal  vessels  in  the 
mesentery  of  the  ox  ;  portions  of  the  vessels  becoming  alter- 
nately enlarged  in  the  form  of  pouches,  and  contracted  so 
that  they  almost  disappeared.'  There  can  be  no  doubt  that 
the  lymphatic  vessels  possess  a  certain  degree  of  contractility, 
which  is  fully  as  marked,  perhaps,  as  in  the  venous  system. 

One  of  the  most  important  points  in  connection  with 
the  physiological  anatomy  of  the  lymphatic  vessels,  and  one, 
indeed,  upon  which  rest  our  ideas  of  the  mechanism  of  ab- 
sorption by  these  vessels,  is  the  question  of  the  existence 
of  orifices  in  their  walls,  which  might  allow  the  passage  of 
solid  particles  or  emulsions.  The  most  recent  observations 
have  indicated  the  probable  existence  of  stomata,  of  varia- 
ble size  and  irregular  shape,  in  the  smallest  vessels  ;  but  it 
must  be  acknowledged  that  one  of  the  strongest  arguments 
in  favor  of  the  existence  of  these  orifices  is,  not  their  ana- 
tomiciil  demonstration,  but  the  fact  of  the  actual  passage, 
through  the  walls  of  the  vessels,  of  fatty  particles,  the  en- 
trance of  which  cannot  be  explained  by  the  well-known  laws 
of  endosmosis.    The  anatomical  evidence  of  the  existence  of 

'  Todd  axd  Bowman,  Phyiiologieal  Aj^atomy  and  Phynolotfy  of  3fau^  Phila* 
delphia,  1857,  p.  616. 

'  Milne-Edwards,  Lefon»  tur  la  physiologie^  Paris,  1869,  tome  iv.,  p.  511. 
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opemngs  ia  derived  mainly  from  preparations  stuiiied  with 
nitrate  of  silver.  It  is  as^mned  that  nitrate  of  silver  stains 
the  solid  parts  of  tissues  and  the  borders  of  tlie  epiilieliftl 
cells ;  Slid  that  areas  which  do  not  present  any  staining  are 
necessarily  open*  If  this  be  true,  and  this  view  is  now  ireiy 
generally  accepted^  we  may  consider  the  existence  of  opeu- 
ings  in  the  lymphatic  vessels  as  demonstrated.  In  prejmra- 
tions  of  the  lymphaticsj  the  solution  of  silver  is  seen  staining 
the  tissues  and  the  bonlers  of  the  epithelial  cells  lining  the 
vesseU ;  but  there  are  areas  between  these  cells  where  nu 
staining  is  observed,  and  In  which  no  nuclei  are  brought  out 
by  staining  with  eanniiie.  It  is  not  inipossiblej  however, 
that  the  solutions  used  may  fail  to  attack  all  parts  of  the 
tissue,  and  that  these  colorless  areas  may  be  eh>^t?<l  hy 
amoqihous  membrane* 

With  regard  to  the  origin  of  the  lymphatics  ia  tue 
tissues,  it  does  not  seem  that  our  actual  knowledge  extendi 
beyond  the  small  ressele,  such  as  are  obsen  ed  in  the  super- 
ficial net-work  of  the  skin-    Within  the  last  few  year?,  Ri»ck* 
linglianeen  and  others  have  assumed  the  existence,  in  the 
connective  tissue,  which  is  so  widely  distributed  in  the  or- 
ganism, of  minute  tubes  or  canal ic ill i,  which  open  into  llir 
lymphatic  veeselsj  and  that  these  are  the  tnie  vessels  uf  ori* 
gin  of  a  great  part  uf  the  lymphatic  system/    These  little 
vessels  are  called  serous  canaliculi.    This  view,  however,  is 
not  sustained  by  positive  demonstration,  and  must  be  m- 
garded  as  purely  hypothetical ;  and  the  sume  may  he  saicS. 
of  the  opinion  entertained  by  some,  that  tlie  lympliJiti 
originate  in  laeunfe  or  spaces  in  the  connective  tissue, 
in  a  system  of  canals  formed  by  connect! ve*tissue  c-orpn^*l 
and  fibres.    Sappey  asserts  very  emphaticany  that  nut 
lymphatic  vessel  has  ever  been  demonstrated  as  arising 
the  substance  of  connective  tissue and  a  careful  study 
recent  obaarvations  in  Germany  shows  tliis  to  be  the  fact. 

^  EBCXLt?(on/Lr^iX,  in  SimtCKKft,  Manuel  of  Humttn  and  Cnmparolim 
tofoffy,  Tlie  Ni'w  Syiicnliani  i^ociety,  London,  1870^  ^itl     P-  tt^. 
^  SAfntf  TmiU  tTati^mu,  Fans,  ISG?,  tome  (1^  pv  T7fiv 
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Lynvphaiic  Glands, — In  the  course  of  the  lympliatic  ves- 
sels, are  found  numerous  small,  lenticular  bodies,  called  lym- 
phatic glands.  The  number  of  these  glands  is  very  great, 
though  it  is  estimated  with  difficulty,  from  the  fact  that 
many  of  them  are  quite  small  and  are  consequently  liable 
to  escape  observation.  It  may  be  stated  as  an  approxima- 
tion that  there  are  from  six  to  seven  hundred  lymphatic 
glands  in  the  body.  Their  size  and  form  are  also  very  vari- 
able within  the  limits  of  health.  They  are  generally  flat- 
tened and  lenticular,  some  as  large  as  a  bean,  and  othei's 
as  small  as  a  small  pea,  or  even  a  pin's  head.  They  are 
arranged  in  two  sets :  one  supei'ficial,  corresponding  with 
the  superficial  lymphatic  vessels,  and  a  deep  set,  correspond- 
ing with  the  deep  vessels.  The  supei*ficial  glands  are  most 
numerous  in  the  folds  at  tbe  flexures  of  tlie  great  joints 
and  about  the  great  vessels  of  the  head  and  neck.  The 
deep-seated  glands  are  most  numerous  around  the  vessels 
coming  from  the  great  glandular  viscera.  A  distinct  set  of 
large  glands  is  found  connected  with  the  lymphatic  vessels 
between  the  folds  of  the  mesentery.  These  are  known  as 
the  mesenteric  glands.  All  of  the  lymphatic  vessels  pass 
through  glands  before  they  empty  into  the  great  lymphatic 
trunks,  and  most  of  them  pass  through  several  glands  in 
their  course. 

The  perfect,  healthy  glands  are  of  a  grayish-white  or 
reddish  color,  of  about  the  consistence  of  the  liver,  present- 
ing a  hilum  where  the  larger  blood-vessels  enter  and  the 
efferent  vessels  emerge,  and  are  covered,  except  at  the  hilum, 
^ith  rather  a  delicate  membrane,  composed  of  inelastic,  with 
^  few  elastic  fibres.    Their  exterior  is  somewhat  tubcrcu- 
J  «ted,  from  the  projections  of  the  follicles  just  beneath  the 
5  nvesting  membrane.    The  interior  of  the  glands  is  soft  and 
^:>ulpy.    It  presents  a  coarsely-granular  cortical  substance,  of 
reddish-white  or  gray  color,  which  is  from  one-sixth  to 
^^ne-fourth  of  an  inch  in  thickness  in  the  largest  glands. 


comes  to  the  surface  at  the 
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hjlmn^  is  lighter  colored  and  cmrset  fhm  the  eortieal  ^ub- 
statiee*  Throiighoiit  tlie  gland,  are  fotmd  delicate  fiiscieiill 
of  fibrous  tissue  connected  with  the  investiBg  membmiie^ 
wlueh  serve  as  a  fibrous  skeleton  for  the  gland*  and  divide 
ita  subgtanee  into  little  alreoli.  The  itnietare  h  far  ttiore 
delicate  in  the  cortical  than  in  the  mednHaiy  portioo.  Le 
dig  eonipiireg  this  tissue  to  that  of  a  sponge,  nmd  says  lb 

the  connective  tiasxie  of  the  eortieal  region  €orre8|M>tidfi  to 
a  verj  fine  sponge,  and  that  of  the  meduUnry  regioti  le  a 
coarse  sponge/' ' 

Within  tl(e  alveoli,  are  irregnlarlv-oval,  closed  fuIliclesR, 
about  of  an  inch  in  diameter,  iilled  with  a  flnid  and 
with  cells  like  those  contained  in  the  solitur)"  glands  of  the 
intestines  and  the  patches  of  Pever-  These  follicles  do  not 
seem  to  occupy  the  medullary  portion  of  the  glanda,  wb~ 
according  to  Kullikerj  is  cumposed  chiefly  of  a  net-worfc 
lymphatic  capillaries,  connected  by  fibrons  prolongations  with 
the  surface  of  the  blood-vessels^  and  farming  artmnd  certain 
of  the  blood-vessels  delicate  sheaths.*  The  follietilar  stnn*i- 
nres  in  the  h-inphatic  glands  resemble  the  closed  follicles  in 
the  mucous  membrane  of  the  intestinal  canal  und  the  3[ah 
pighiau  bodies  vt  the  spleen. 

The  elaborate  researches  of  Sappey  leave  seai^ly  any 
doubt  as  to  the  course  and  arrangement  of  the  lymphatic 
vessels  in  the  interior  of  the  lymphatic  glands,  altl '  '  ' '  - 
view  advanced  by  him  that  these  bodies  consi^^t  ii>  f 
lymphatics  with  a  Uttle  fibrous  tissue  cannot  be  fitn^taiued. 
By  pricking  a  perfectly  healthy  gland  with  '  ite  point 
of  his  appanitns  for  injecting  the  lympfaai  iuis  &etdn 

the  mercury  successively  till  the  different  ca pi Itury  ve£G«Iis| 
and  pass  into  the  rasa  efferentia/    !^«ppy  does  not  ap 
however,  to  have  caused  the  injection  to  pass  froni  the  affi 
ent  to  the  efiferent  vessels^  entirely  tfarotigh  this  plexus  ;  aiid, 

1  trroiQ,  Tratii  ithiHoto^^,  P*rfi,  ISM,  p.  4*7. 
^  KotXilCxst^  £limmtt  d^hiAtol/j^ie  humairte^  P^ti?*  1S6S,  [h«  TSC 
*  &UT£Y^  TraiU  d*itnatomi€^  Piidif  \m9t  totuir  lu,  SOL, 


LYMPHATIC  GLANDS. 


443 


while  tbe  fact  of  the  continuity  of  these  vessels  through  «i 
capillary  plexus  is  extremely  probable,  it  has  not,  as  yet, 
been  positively  proven. 

As  far  as  has  been  ascertaineJ,  the  following  is  the  course 
of  the  lymphatic  vessels  through  the  glands :  From  two  to  six 
vasa  afferentia  approach  the  gland,  and,  when  withm  about 
a  quarter  of  an  inch  of  it,  break  up  into  numerous  small 
branches  which  penetrate  its  investing  membra'ne.  In  the 
substance  of  the  gland,  these  vessels  are  distributed  in  the 
capillary  plexus  just  described,  and  emerge  by  the  vasa  effe- 
rentia,  which  are  always  larger  than  the  afferent  vessels,  and 
are  from  one  to  three  in  number.  In  attempting  to  pass  in- 
jections entirely  through  the  glands,  the  fluid  has  frequently 
been  observed  to  pass  into  the  small  veins ;  so  that  some 
anatomists  have  assumed  that  there  is  connection  in  the 
substance  of  the  glands  between  the  lymphatics  and  the 
blood-vessels.  It  is  altogether  probable  that  the  passage  of 
fluids  into  the  veins  under  these  circumstances  is  due  to  nip- 
tuve  of  the  vessels ;  and,  at  all  events,  the  direct  connection 
between  them  and  the  lymphatics  has  never  been  satisfac- 
torily demonstrated. 

The  lymphatic  glands  are  supplied  with  blood  by  some- 
times one,  but  generally  several  small  arteries,  which  pen- 
etrate at  the  hilum.  These  vessels  pass  directly  to  the 
medullary  portion,  and  there  break  up  into  several  coarse 
branches,  to  be  distributed  to  the  cortical  substance,  w^here 
they  ramify  by  an  exceedingly-delicate  capillary  net-work 
with  mther  wide  meshes,  in  the  closed  follicles  found  in  this 
portion  of  the  gland.  This  capillary  plexus  also  receives 
branches  from  small  arterial  twigs  which  penetrate  the 
capsule  of  the  gland  at  different  points.  Returning  on 
themselves  in  the  form  of  loops,  the  vessels  unite  to  form 
one  or  more  large  veins,  which  generally  emerge  at  the 
hilum. 

Very  little  is  known  regarding  the  distribution  of  the 
nerves  in  the  lymphatic  glands.    A  few  filaments  from  the 
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sjmpatlietic  system  enter  with  the  arterieg^  but  they  have 
never  been  traced  to  their  final  distribution.  The  entrance 
of  filaments  from  the  eerebro-spinal  system  has  never  been 
demonstrateth 

The  function  of  the  lymphatie  glands  is  very  obscure* 
By  @ome  they  are  BUppOBed  to  have  an  important  office  in 
the  elaboration  of  the  eorpusL-ular  elements  of  the  Irmph 
and  chyle ;  and  it  has  been  observed  that  the  Ivmph  con* 
tained  in  vessels  whieh  have  passed  through  no  glands  is 
relatively  poor  in  corpuscles,  while  the  large  tninks  and  the 
eiJcrent  veme\&  contain  them  in  large  number^/  This  sin- 
gle feet  is  indefinite  enough,  as  regiirde  the  mode  of  fomui- 
tion  of  the  lyrnph^eorpuBclejs,  but  it  represents  alK>nt  all 
that  l&  actually  known  eouceniing  the  function  of  the  lym- 
phatic  glands.  The  mode  of  development  of  the  leaoocrtcs 
in  this  situation  will  be  more  fully  considered  in  connoetioa 
with  the  lymph  and  chyle. 

In  endeavoring  to  estimate  the  share  which  tlie  lacteali 
and  lymphatics  have  in  tlie  function  of  absorption,  it  beeomea 
an  important  question  to  determine  what  principles  tlieae 
vessels  are  cajmble  of  taking  up,  beside  the  fatty  elements 
of  the  food  ;  and  how  far,  if  at  all,  they  assi&t  the  blooti- 
vessels  in  the  absorption  of  the  general  products  of  diges- 
tion. It  is  ynneoessarj  again  to  recur  to  the  functtoii  of 
the  lacteals  in  the  absori>tion  of  eranlsificd  fats,  fi>r  this  hm 
already  been  discussed  at  sutficient  length,' 

Ahorptmi  qfABummmds  hy  ike  iMcimh. — Comparative 
analyses  of  the  lyrapb  and  chyle  always  show  in  the  latter 
fluid  an  excess  of  albuminoid  matters.  As  we  may  reaeoti* 
ably  suppose  that^  during  the  intervals  of  digestion,  the  laic- 
teals  carry  ordinary  lymph,  for  at  this  time  these  vessels  ure 
tilled  with  a  colorless,  transparent  fluid,  having  the  general 
physical  characters  of  lymph,  it  is  natural  to  infer  that  the 

*  KotLiKEB,  S^immtt  tthUtofi^if  httmaint^  TUrie,  16«8,  p»  WJ. 

*  Se«  page  4  2d. 
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excess  of  nitrogenized  matters  in  the  white  chyle  is  due  to 
absorption  of  albuminoids  from  the  intestinal  canal.  A 
number  of  years  ago,  experiments  were  made  upon  this  sub- 
ject by  Prout  and  Marcet,  in  which  the  chyle  was  collected 
from  the  thoracic  duct  in  dogs  fed  upon  difterent  substances. 
These  observer  noted  marked  differences  in  the  composition 
of  the  chyle  in  the  animals  fed  exclusively  upon  vegetable,  and 
those  fed  upon  animal  food ;  in  the  latter  case,  the  propor- 
tion of  albumen  being  very  much  greater.*  The  fact  that 
the  fluids  were  taken  from  the  thoracic  duct,  where  the  chyle 
from  the  intestine  is  mixed  with  all  the  lymph  from  the  lower 
extremities  and  the  pelvic  organs,  takes  away  somewhat  from 
the  value  of  the  experiment.  This  is  all  the  more  evident, 
as  in  the  more  recent  experiments  of  Bouchardat  and  San- 
dras,  it  was  found  that  the  chyle  from  the  thoracic  duct 
had  about  the  same  composition  in  animals  fed  with  gimi, 
starch,  sugar,  fibrin,  albumen,  or  gelatine.'  Bouchardat  and 
Saudras  conclude,  from  these  observations,  that  the  lacteals 
absorb  only  fats.  But  the  observations  of  Lane  and  Eees 
upon  this  point,  in  which  the  chyle  was  taken  from  the  lac- 
teals before  they  emptied  into  the  thoracic  duct,  are  more 
satisfactory.  Mr.  Lane  collected  the  chyle  from  the  lacteals 
of  a  donkey,  seven  and  a  half  hours  after  a  full  meal  of  oats 
and  beans,  and  compared  its  composition  with  that  of  the 
lymph.  The  analyses  were  made  by  Dr.  Eees,  who  found 
that  the  chyle  contained  about  three  times  as  much  albumen 
and  fibrin  as  the  lymph.*  While  by  far  the  greater  part  of 
the  products  of  digestion  of  the  albuminoids  is  absorbed  by 

•  Prout,  Phenomena  of  Sanf/uification^  and  on  the  Blood  in  general. — Annah 
of  Philo9ophyy  London,  1819,  vol.  xiii.,  p.  25  ;  and  Marcet,  Some  ErperimenU  on 
the  Chemical  Nature  of  Chyle, — MedicO'Chirurgical  TVanaactionSj  London,  1819, 
yol  yi.,  p.  618. 

•  Bouchardat  kt  Sandras,  Rechtrehei  mr  la  Digestion. — Annuaire  de  Thi- 
TopeuHque^  Paris,  1845,  p.  269. 

•  Lane,  Lymphatic  and  Lacteal  System. — Cydopaxlia  of  Anatomy  and  Physu 
otogy^  London,  1839-1847,  vol.  iii.,  p.  223.  These  analyses  were  also  published 
bj  Recs  in  the  London  Medical  Gazette^  January  1,  1841,  vol  xxvii.,  p.  547. 


the  blood-Tessei*,  there  can  be  no  doubt  that  a  small  j^K^rtiaii 
is  eIbo  taken  up  by  tlie  lacteal^. 

Ab9o^ption  of  Glucme  and  iSalis  Mtf  Ladml^. — 
bad  just  been  stated  regarding  the  al*§oi^>ticin  of  nlbiumiiai 
applies  with  equal  force  to  saccharine  matters  and  the  in- 
organic salts™  Small  qnantities  of  sugar  and  S4in]et]tties  Ijm^- 
tic  acid  have  been  detected  in  the  ciyle  Iroui  th©  theraei 
duct  in  the  he^bivora;  and  the  preeenee  of  sugar  in  both  the 
lymph  and  the  chyle  has  been  accurately  determined  by 
Colin/ 

It  is  true  that  the  products  of  the  digestion  of 
rine  and  amylaceons  matters  are  taken  up  mainly  by 
blood-ve^kj  bat  a  small  quantity  ijs  iSiXm  absorbed  by  the 
teak.  In  the  comparative  analyses  of  the  chyle  and  lym" 
by  Dr*  Rees,  the  proportion  of  inorganic  salts  was  found 
be  considerably  greater  in  the  chyle,*  The  great  excess  i 
the  quantity  of  blood  coming  from  the  intestine  and  ibe 
rapidity  of  its  circulationj  as  compared  with  the  chyJe, 
ex^ilain  the  more  rapid  penetration  by  endo£mo6t§  of  Ibd 
soluble  products  of  digestion. 

Abmrpiim  <^  Water  hj  the  La^teah. — ^There  can  be 
doubt  that  a  small  portion  of  the  liquids  taken  m  drink 
finds  its  way  into  tlie  cinmlation  by  the  lacteak,  though  1 
greate^^t  part  passes  directly  into  the  blood* vessels.  This  htt^ 
been  proven  by  experiments  of  a  most  positive  character. 
Leuret  and  Lassaigne  Btate  that  when  an  animal  k  fisd  with 
an  aliment  which  is  very  substantial,  and  is  killed  duriitg 
digestion^  the  thomcic  duct  contains  a  very  small  quantit 
of  chyle ;  but  when  the  animal  has  taken  liquids  with  the 
food,  the  thoracic  duct  and  the  lacteak  are  very  much  di*- 

<  Cott3^,  Bt  P&rii^ne      »uert  tonimn  dang  U  tk^.~-J6mnud  ilr  &i 
fiV,  PartSf  Umie  L,  pt  h^%H  ttq. 

*  Rb0^        LfrndoH  Mfikai  OanUtt,  JtmiMfj  t,  IMl,  toI.  xxriL,  p 
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tended.*  In  an  experiment  by  Ernest  Burdach,  a  dog  was 
deprived  of  food  and  drink  for  twenty-four  hours,  after  which 
he  was  allowed  to  drink  water,  and,  in  addition,  half  a  pound 
was  injected  into  the  stomach.  The  animal  was  killed  a 
half  an  hour  after,  and  the  thoracic  duct  was  found  engorged 
with  watery  lymph,  which  contained  a  very  small  number  of 
lymph-corpuscles.' 

In  discussing  the  question  of  absorption  by  the  blood- 
vessels of  the  intestinal  canal,  we  alluded  to  experiments 
which  showed  that  various  poisonous  substances  introduced 
into  the  intestines  produced  their  characteristic  effects  upon 
the  system  with  great  rapidity  when  the  veins  leading  from 
the  part  were  intact,  while  no  such  effects  followed  when  the 
only  avenue  to  the  general  system  was  through  the  lacteals. 
During  the  time  when  the  question  of  exclusive  absorption  by 
either  the  lacteals  or  the  veins  was  so  much  agitated,  a  num- 
ber of  experiments  were  made  by  different  physiologists  to 
show,  on  the  one  hand,  that  certain  coloring  matters  and  salts 
were  absorbed  by  the  lacteals  alone,  and,  on  the  other,  that 
these  were  absorbed  only  by  the  veins.  These  experiments  have 
lost  much  of  their  interest,  now  that  the  question  of  venous 
absorption  is  definitively  settled.  Without  again  discussing 
these  observations  in  detail,  it  may  be  stated  as  the  general 
results  of  experiments  on  this  subject,  that  few,  if  any,  of  the 
active  poisons  were  found  to  be  absorbed  from  the  alimentary 
canal,  except  by  blood-vessels ;  and  when  soluble  coloring 
matters,  or  salts  which  could  be  easily  recognized,  were 
found  in  the  lacteals  or  the  thoracic  duct,  nfter  they  had  been 
introduced  into  the  intestine,  they  penetrated  in  small  quan- 
tity and  very  slowly ;  while  it  has  been  repeatedly  found  that 
the  same  substances  were  taken  up  by  the  veins  with  great 
rapidity  and  excreted,  in  many  instances,  by  the  urine. 

'  LxuRET  CT  Lassaione,  Rtcherches  Phjiiiologiquea  et  Chimiquea  pour  tervir 
d  PBitioirede  la  Diffestum,  Paria,  1825,  p.  197. 

•  G.  F.  Burdach,  Traitt  de  Phijsiologie,  Paris,  1841,  tome  ix.,  p.  253 ;  addi- 
tion  by  Ernest  Burdach. 
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The  earlier  plijsiologiste,  who  supposed  that  all  tie  prch 
ducts  of  digestion  entered  the  system  bv  the  thoracic  duct, 
attached  a  great  deal  of  importance  to  experimettts  ahowiiig 
the  effects  of  shntting  off  the  chyle  from  the  rascnlar  system, 
by  tying  or  destroying  this  great  cmnL  A  number  of  nery 
interesting  cases  of  obliteration  of  the  thoracic  dnct  in  the 
human  enhject  has  alsi>  been  reported  by  Astley  Cooper, 
Aiidralj  and  others.  In  three  eag^  observe*!  by  Cooper,  the 
duct  was  found  completely  obstructed;  and  in  two,  he  wft* 
able  to  follow  ont  anastomoging  lymphatic  branches,  which 
carried  the  chyle  past  the  obstacle,  so  that  its  passage  to  tlie 
venonB  system  was  not  niterrupted.  In  the  remaining  ca^e, 
the  obstruction  was  accidentally  discovered  in  a  snbjtict  thm 
had  been  so  far  dissef^ted  as  to  render  it  impossible  to  ascertain 
whether  or  not  any  anastomosing  vessels  existed.'  In  a  cas© 
of  obliteration  of  the  thoracic  ductj  reported  by  Andral,  the 
canal  bad  become  an  imi>ervious  cord  for  a  considerable  fH)r- 
tion  of  ita  extentj  but  there  was  a  lai^e  res&el,  like  a  aeoond 
thoracic  duct,  wliicb  extended  from  below  tlie  obstruction, 
opening  into  the  duet  a  considerable  distance  abf>ve,  so  that 
the  flow  of  chyle  was  not  in  tlje  least  interrupted-* 

In  nearly  all  the  experiments  which  have  been  perf<>nned 
upon  the  lower  animals,  ligation  of  the  tlioracic  duct  ha^ 
been  followed  by  death,  except  where  laige  commanieatinjr 
vessels  were  found  to  exist,  which  would  allow  of  tlie  pas- 
Bage  of  the  chyle  into  some  part  of  the  venous  system. 
Lower  tied  the  duct  in  dogs,  and  the  animals  survived  but  u 
few  days,'  In  t!ie  experiments  of  CotJper,  three  do^,  out  of 
fuur  which  were  of>erated  upon,  died  from  rupture  of  tbe 

^  AmKT  Coor£R,  Thfte  IngMneei      Oh$(mHion  «/  iAe  Tkoratie  J^wi^  wiA 
wome  E^penmtnl^  thcwinrf  ike  EJccd  a/  ttfing  thtsi  Vrtsd. — Mfdk^  Uttorii 
Ma^rchei  s^^tckd  from  the  Fit/iert      4  Friv^  Mptiie>ai  AMmtiatiMt^ 

*  AlTDftJU^  Ftl^  Bt^kertkM  p0ur  tenrir  d  tffktmrf  dm  Maiadim  dm 
jAfay^aiiq^. — Arth  'tvft  Gcftir^t^dg  Mf  thHri^^  Pam,  1624,  tomts  Yt,  p*  601- 
■  Lqweb,  TracteUm      dmh^  itim  dt  MHu  tt  Vvtort  iSSspywiWj^  if 
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receptaculum  chyli,  and  in  the  fourth,  which  was  afterward 
killed,  a  vessel  was  found  extending  from  the  duct  below  the 
point  of  ligature  to  the  great  lymphatic  vein  on  the  right  side.* 
The  experiments  of  Dupuytren  upon  horses  were  followed 
by  nearly  the  same  results.  Some  of  the  animals  died  after 
five  or  six  days,  and  others  apparently  recovei*ed.  In  those 
that  died,  it  was  found  impossible  after  death  to  pass  an  in- 
jection from  the  lower  part  of  the  duct,  below  the  ligature, 
into  the  subclavian  vein ;  but  in  the  animals  that  survived,  it 
was  always  easy  to  pass  any  kind  of  liquid  from  the  duct  into 
the  vein,  by  numerous  communicating  vessels  located  in  the 
posterior  and  the  anterior  mediastinum.  Magendie,  who  was 
present  at  the  dissection  of  a  horse  upon  which  Dupuytren 
had  tied  the  duct  six  weeks  before,  found  evident  communica- 
tions between  that  portion  of  the  duct  situated  below  the  point 
of  ligature  and  both  subclavian  veins,  although  the  duct  itself 
had  been  completely  obliterated."  The  experiments  of  Flan- 
drin  seem  to  indicate  that  ligation  of  the  thoracic  duct  is  not 
necessarily  fatal,  even  though  the  flow  of  chyle  be  com- 
pletely arrested.  In  one  experiment  upon  a  horse  that  was 
old  and  feeble,  death  took  place  in  three  days,  while  in 
eleven  other  experiments,  the  animals  survived,  and  were 
killed  generally  fifteen  days  after  ligation  of  the  duct ;  but 
no  attempt  was  made  to  determine  the  existence  or  non-exist- 
ence of  anastomosing  branches  communicating  with  the  veins 
in  the  neck." 

The  early  experiments  of  Du  Yemey  *  and  others,  which 

'  Loc,  ciLy  p.  104  et  seq.  In  one  of  these  experiments  the  duct  was  simply 
divided  in  the  neck  and  was  not  tied.    The  animal  died  on  the  fifth  day. 

•  Maosndis,  Memoire  sur  lea  Organea  de  PAbsorpiioH  chez  Ifs  3fammiferet. 
— Journal  de  Phif*iologie^  Paris,  1821,  tome  i.,  p.  21. 

•  Flandrin,  Smte  des  Experiences  sur  VAhsorptioii  dea  Vaiaacaux  Lympha- 
Hqu£9  dana  lea  Animaux. — Journal  de  Medecine^  Chirurgiey  Pharmacies  etc.y  Paris. 
1791,  tome  Ixxxvii.,  p.  226  et  aeq. 

•  Hitloire  de  VAcadhnie  dea  Sciencea  de  Pam,  1676,  tome  i.,  p.  197.  Du 
Verney  did  not  tie  the  thoracic  duct,  but  applied  a  ligature  to  the  subclavian 
rein  above  the  thoracic  canal,  and  the  jugular  above  its  insertion.** 
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It  is  tmnecessarj  to  quote  in  detail,  ladieate  tliat  death  m 
take  place  after  ligation  of  the  thoracic  dnct,  nnle^  tfc 
exist  some  comnjunicating  ve^l  by  which  the  ehjle  can  be 
dijacharged  into  the  venous  svitem.  We  cannot  assnme,  with 
Lower,  that  a  dog  can  die  of  starvation  within  tbree  days  af- 
ter this  operation ;  but  it  is  an  ineyi table  conelumoii,  ftom 
the  esperinienta  cited  above,  that  the  cause  of  death  is 
chiefly  mechanicalj  and  is  due  to  distension,  and  souietimes 
rupture  J  of  ^me  of  the  vessels*  Cooper  found  that  the  reeep* 
taculuin  cliyli  was  ruptured  in  dogs  when  the  extremity  of 
the  duct  was  exposed  eoon  alter  eating  and  simply  com- 
pressed for  a  few  minutes  with  the  fingers/  A  permanent 
loss  of  the  nutritive  material  which  passes  up  the  thoracic 
duet  might  produce  death  from  inanition ;  but  usnally  the 
latal  result  follo^'s  too  soon  to  admit  of  this  explanatioo. 
Leuret  and  Lassaigne  tied  the  thoracic  duet  ia  a  dog,  which 
was  treated  antiphlogLsticiilly  after  the  operation^  by  2L 
Watrin,  and  restored  in  fifty-eight  days  in  pot>d  eondititiQ. 
This  aniuial  was  afterward  killed  during  djge5&tion,  and  tht* 
abdomen  opened*  It  was  ast*ertainod  that  the  duct  was  tin- 
gle, and  the  reeeptaculum  and  the  hicteak  contained  a  small 
quantity  of  chyle.'  Leuret  and  Laesaigne  reaaoniHl^  fnym 
this  single  experiment,  that  there  exists  a  comiiianies^* 
iKstween  the  lacteais  and  the  nidieles  of  the  jjortal  v 
They  did  not,  however,  demonstrate  by  injectioii  that  there 
existed  no  communication  between  the  lower  portion  of 
duct  and  the  veins  of  the  neefc. 

Abmrj^iimi  ^/wn  Parts  not  eonneated  witf*  the  DtQesii 
Si/i«ief/h — Aside  from  the  entratice  of  gases  into  the  bhwJ 
fjxjm  the  pulmonary  surtaee,  physiological  absorption  is  at 
most  entirely  confined  to  the  niucoua  membmne  of  the  ah* 
mentary  cauaL    It  i^  true  tluit  liquids  may  find  their  way 

'  AmiMT  Cooper,  ojp*  eU^t  p.  XIO, 
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into  the  circulation  through  the  skin,  the  lining  membrane 
of  the  air-passages,  the  reservoirs,  ducts,  and  parenchyma  of 
glands,  the  serous  and  other  closed  cavities,  the  areolar  tis- 
sues, the  conjunctiva,  the  muscular  tissue,  and,  in  fact,  all 
parts  which  are  supplied  with  blood-vessels;  but  here  the 
absorption  of  foreign  matters  is  an  occasional  or  an  acci- 
dental circumstance,  and  is  not  connected  with  the  general 
process  of  nutrition.  It  is  now  well  known  that  all  parts 
of  the  body,  except  the  epidermis  and  its  appendages,  the 
epithelium,  and  some  other  structures  which  are  regularly 
desquamated,  are  constantly  undergoing  change,  and  the 
effete  matters  which  result  from  their  decay  are  taken  up 
by  what  is  called  interstitial  absorption,  and  carried  by  the 
blood  to  the  proper  organs,  to  be  excreted.  It  would  seem 
probable  that  the  vessels  of  these  parts  would  also  be  capable 
of  taking  up  soluble  foreign  substances  when  presented  to 
them ;  and  this  is,  indeed,  the  fact  with  regard  to  all  parts  in 
which  the  nutritive  processes  are  even  moderately  active,  or 
where  the  structures  covering  the  vascular  parts  are  per- 
meable. 

Absorption  from  the  Skin. — It  is  now  generally  admitted 
that  absorption  can  take  place  from  the  general  surface, 
though  at  one  time  this  was  a  question  much  discussed  by 
physiologists  and  practical  physicians.  The  proofs,  however, 
of  the  entrance  of  certain  medicinal  preparations  from  the 
surface  of  the  body  are  now  entirely  conclusive ;  and  the  con- 
stitutional effects  of  medicines  administered  in  this  way  are 
frequently  as  marked  as  when  they  are  taken  into  the  ali- 
mentary canal.  But  the  question  which  is  of  most  interest 
to  us  as  physiologists  concerns  the  normal  functions  of  the 
skin  as  an  absorbing  surface. 

Looking  at  this  subject  purely  from  a  physiological  point 
of  view,  absoi-ption  from  the  skin,  under  ordinary  conditions, 
must  be  exceedingly  slight,  if,  indeed,  it  take  place  at  all. 
There  are  a  few  observations  by  the  older  physiologists 


which  would  at  first  seem  to  show  that  a  certain  amouiit  of 
water  is  taken  iip  hj  the  skio  when  the  atmosphere  is  un- 
(isually  moiiit.  In  all  of  theae,  however,  the  eoneliMioti  is 
drawn  from  the  circom^taiiee  that  the  weight  k  CK?ca^ioiwJlv 
somewhat  inereiLsed  under  the^c  eondttioos ;  biit  no  aecoQDl 
is  taken  of  the  factj  that  when  the  surrounding  atmo^pbero 
is  moist,  the  amount  of  the  exlialationi^  is  greatly  decreafieiL 
The  lungs,  abo,  present  an  immense  ahaorbiug  surftice, 
which  h  not  at  all  considered,  Experuneuts  on  thia  point 
are  not  sufficiently  definite  to  warrant  any  positive  ecmdi^ 
sivns ;  hut  it  is  evident  that  if  any  thing  enters  in  this  way, 
the  quantity  must  be  excessively  minute. 

The  experiments  upon  the  entrance  of  water  and  soloblfl 
substances  through  the  skin,  when  the  body  has  been  im* 
merged  for  a  long  time  in  a  bath,  are  somewhat  contrailictorv. 
5Iost  experimenters  have  noted  an  increase  in  the  weight, 
which  they  attribute  to  absorption  of  water,  but  others  pro- 
fess to  have  observed  a  slight  diminution  iti  the  weigfit 
of  the  body. 

lu  ^jmeex|)eriments  on  this  subjeet,  by  Maddeu^  in  whkk 
aQ  necessary  precautions  were  adopted,  the  air  being  respired 
tlin^ugh  a  tube  passed  out  of  the  window  of  the  room^  ^  that 
DO  unusual  absorption  of  moisture  could  take  place  by  the 
lungs^  the  rtjsiilts  were  verj  conclusim*  In  experiments  of 
tJiis  kind  there  are  many  mo<lifying  influences  to  be  guarded 
against.  For  example,  it  has  been  fomid  to  be  important  to 
regulate  carefully  the  temperatare  of  the  bath ;  for  wboiti  it 
exceeds  that  of  tJie  iKKJy,  there  may  be  a  loss  of  weight  by 
cutaneous  transpiration*  It  is  stated  by  Loiiget*  that  when 
the  temperature  of  the  water  is  lower  than  that  of  the  body, 
there  is  a  gain  in  weight ;  hut  that  the  cutaneous  exhaUtHUi 

mrptinn^  tic,  fldinlmrglt,  18*8,     fit  <f  t^, 

'  hoam,  Trait4  tie  ph^offie,  Paria,  im,  tome  i,  p,  In  tin;  mttk 

of  \A>ain't  will  b«  found  &  xery  full  accoaol  of  the  i  tnouj  experirueiiyi  In  £ii«t 
of,  And  opfioscd  to^  cutaoeom  ftbsorpfion. 
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and  absorption  are  balanced  when  the  temperature  of  the 
bath  and  the  body  are  the  same.  There  is  another  source 
of  complication  in  these  observations,  which  has  been 
brought  forward  very  strongly  by  a  recent  French  writer,  M. 
Delore.  This  observer  has  carefully  noted  the  increase  in 
weight  of  the  hair,  nails,  and  epidermis,  after  immersion  for 
half  an  hour  in  distilled  water,  and  has  always  found  it  to  be 
very  considerable.  lie  assumes  that  this  is  more  than  suffi- 
cient to  account  for  the  increase  in  the  weight  of  the  en- 
tire body  after  immersion  in  water  for  half  an  hour,  which 
amounts  to  about  seven  hundred  grains.* 

There  are,  nevertheless,  facts  which  render  it  certain  that 
water  can  be  absorbed  by  the  skin.  In  an  elaborate  series  of  ex- 
periments by  CoUard  deMartigny,  it  was  proven  conclusively 
that  water  could  be  absorbed  in  small  quantity  by  the  skin  of 
the  palm  of  the  hand.  In  one  experiment,  a  small  bell-glass 
filled  with  water  was  applied  hermetically  to  the  palm.  This 
was  connected  with  a  tube  bent  in  the  form  of  a  siphon,  also 
filled  with  water,  the  long  branch  of  which  was  placed  in  a 
vessel  of  mercury.  After  the  apparatus  had  been  applied 
for  an  hour  and  three-quarters,  the  mercury  was  found  sen- 
sibly elevated  in  the  tube,  showing  that  a  certain  quantity 
of  the  water  had  disappeared.*  Kec6ntly  a  very  extended 
series  of  observations  upon  the  absorption  of  water  and  solu- 
ble substances  has  been  made  by  Dr.  Willemin,  in  which  it 
is  conclusively  proven  that  water  is  absorbed  in  a  bath,  and 
that  various  medicinal  substances  may  be  taken  up  by 
the  skin  in  this  way,  and  can  be  detected  afterward  in  the 
urine.  In  a  large  number  of  experiments,  he  found  that  the 
weight  of  the  body,  after  remaining  in  a  tepid  bath  for  from 
thirty  to  forty-five  minutes,  was  generally  stationary ;  but 

*  Delore,  De  V Absorption  des  MedicamenU  par  la  Peau  $aine. — Journal  de  la 
Fhytiologiey  Paris,  1868,  tome  vi.,  p.  274. 

•  GoLLARD  DE  Martiont,  ObservotioM  et  Experiences  tur  P Absorption  Cu- 
tanie  de  tJSoitty  du  Lait^  et  du  Bouillon. — Archives  Generates  de  Medeeine^  Paris, 
1821,  tome  xi.,  p.  83. 
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that  sometimes  there  was  a  very  elight  diminution  in  weight 
and  sometimes  a  very  slight  inereaee.  By  eomparatiTe  ob- 
servations, however,  he  found  that  the  diminution  of  weight 
in  the  bath  wa3  always  lees  than  the  amount  lost  by  the 
Bame  subject  in  the  air.  Dr,  Willemin  employed  a  very 
delicate  apparatus  for  weighingj  and  his  observations  were 
apparently  conducted  with  great  care.  He  also  confirmed 
the  statement  of  F.  Edwards  and  others,  that  tranapiratioE 
from  the  general  surface  goes  on  in  a  bath.  This  he  showe<i 
by  difterences  in  the  composition  of  the  bath  before  and 
after  immersion  of  the  bod}*.  These  observations  do  much 
to  reconcile  the  contradictory  experiraenU  of  others,  in  some 
of  which  a  diminution  in  weight  was  observed,  while  in 
some  an  increat^e  was  noted.'  In  gtmlying  this  subject,  it 
must  always  be  remembered  that  there  is  a  constant  loss 
of  w^eiglit  by  evaporation  from  the  general  surface  and  from 
the  hingB ;  a  fact  which  wbb  not  taken  into  account  by  some 
of  the  earlier  ex])erimenter9. 

It  has  been  frequently  remarked  that  the  sensation  of 
thirst  is  always  least  pressing  in  a  moist  atmosphere,  and 
that  it  may  be  appeased  to  a  certain  extent  by  baths.  It  is 
true  that,  in  a  moiet  atmosphere,  the  cutaneons  exhalations 
are  diminished,  and  thifi  might  account  for  the  maintenance 
of  the  normal  proportion  of  fluids  in  tiie  body  mth  a  leas 
amount  of  drink  than  ordinary ;  but  we  could  hardly  Re- 
count for  an  actual  alleviation  of  tbirst  bv  immersion  of  the 
body  in  water,  unless  we  assumed  that  a  certain  quantity  of 
water  had  been  al^eorbed,  A  striking  example  of  relief  of 
thirsit  in  this  way  is  given  by  Captain  Kennedy,  in  the  narra- 
tive of  his  Bujferings  atler  shipwreck,  when  he  and  his  men 

*  Willemin,  I^'hen^hf^  E^thimrntnli^  w\tr  rAhmr}*ti&n  par  k  Tt'ff%mr»d, 

P»ris,  1863,  6me  »itk,  tome      pp.  fl,  177,  SIS;  and  lit^^erekm  m^r 

l*Ab§^ij}iion  Cuianee^  Id.,  tome  iii.,  p.  Iti  the  S ret  nrtick,  Dl-*  WA- 

leffiln  gives  aa  admirable  historical  review  of  the  experlti>^nt»  on  ciiunecnw 
ib^rpUon.  Tli«  last  article  contalQi  a  great  mituber  of  original  ol>iervaiioii#, 
and  iJie  ctineJuiaiciiis, 
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were  exposed  for  a  long  time  without  water  in  an  open  boat. 
With  r^ard  to  his  sufferings  from  thirsty  he  says :  "  I  cannot 
conclude  without  making  mention  of  the  great  advantage  I 
derived  from  soaking  my  clothes  twice  a  day  in  salt  water, 

and  putting  them  on  without  wringing  There  is 

one  very  remarkable  circumstance,  and  worthy  of  notice, 
which  was,  that  we  daily  made  the  same  quantity  of  urine  as 
if  we  had  drunk  moderately  of  any  liquid,  which  must  bo 
owing  to  a  body  of  water  absorbed  through  the  pores  of  the 
skin.  ...  So  very  great  advantage  did  we  derive  frt)m 
this  practice,  that  the  violent  drought  went  off,  the  parched 
tongue  was  cured  in  a  few  minutes  after  bathing  and  washing 
our  clothes ;  at  the  same  time  we  found  ourselves  as  much 
refreshed  as  if  we  had  received  some  actual  nourishment."  * 

The  mechanism  of  the  introduction  of  various  salts  in 
solution  in  water  and  of  certain  medicinal  substances  through 
the  skin  belongs  chiefly  to  therapeutics.  There  can  be  no 
doubt  of  the  penetration  of  numerous  articles  simply  placed 
in  contact  with  the  surface ;  and  it  is  well  known  that  the 
skin  denuded  of  its  epidermis  absorbs  soluble  substances 
with  great  rapidity.  Though  observations  on  the  absorption 
of  salts  in  medicated  baths  are  somewhat  contradictory,  there 
are  enough  positive  experiments  on  this  point  to  leave  no 
doubt  as  to  the  actual  penetration  of  these  principles,  which 
are  to  be  recognized,  indeed,  in  the  urine.  The  penetration 
of  most  medicinal  substances  by  the  skin  is  very  much  facili- 
tated by  frictions,  employing  what  is  known  in  therapeutics 
as  the  iatroleptic  method." 

Absorption  from  the  Respiratory  Surface. — In  studying 
the  physiological  anatomy  of  the  respiratory  apparatus,  we 

*  Narratire  of  Captain  Kennedtfs  lonng  Am  veittfl  ai  tea,  and  hiit  dittrewft 
aJUrward^  eommunieattd  io  his  owner. — Annua!  Regitler^  London,  1769,  p.  190. 

*  For  a  fall  account  of  the  absorption  of  medidnal  substances  by  the  healthy 
«kin,  the  reader  b  referred  to  the  article  by  Delore,  in  the  Journal  de  la  Phifsiolo' 
gie^  Paris,  1863,  tome  tL,  p.  249  ei  »eq. 


have  seen  how  admirably  the  respiratory  surface  i&  calculated 
for  the  introduction  of  gaseous  principles  into  the  hlooi* 
Tlie  great  rapidity  with  which  the  oxygen  of  the  iiisjnred 
air  penetrates  through  the  delicate  covering  of  the  pulmo- 
nary ve^elshas  already  been  fully  considered  under  the  head 
of  respiration.  Under  natural  conditions,  the  gases  of  the 
air  are  the  only  principles  absorbed  by  the  lungs ;  bat  ex&m* 
plea  of  the  absorption  of  other  gaseous  matters  are  exceed- 
ingly comuionj  and  thii  process  has  been  the  subject  of  nu- 
merous experiments  by  physiologists  The  fact  of  the  ab- 
sorption of  foreign  substances  by  the  lungs,  ako^  has  long 
been  definitely  settled ;  but  this  belongs  to  pathol(^  or  to 
therapeutics,  rather  than  to  physiology. 

It  is  now  almost  universally  conceded  tliat  anLmal  and 
vegetable  emanations  may  be  taken  into  the  blood  by  tlie 
lungs  and  produce  certain  well*marked  pathological  condi- 
tions. It  is  supposed  that  many  contagious  diseases  arc  prop- 
agated in  this  way,  as  well  as  some  fevers  and  otlier  gener* 
al  diseases  which  are  not  cont^igiouB.  With  regard  to  certain 
poisonous  gasea  and  volatile  priuciplciSj  the  cfiects  of  their 
absorption  by  the  lungs  are  even  more  striking,  Carbonio 
oxide  and  arseniuretted  hydrogen  produce  death  almost  in- 
stantly, even  when  inhaled  in  small  quantity.  The  vapor  of 
pure  hydrocyanic  acid  acts  frequently  with  great  promptness 
through  the  lungs.  Turpentine,  iodine,  and  many  meilicinal 
substances  may  be  introduced  with  great  rapidity  by  inhalar 
tion  of  their  vapors ;  and  we  well  know  the  serious  effects 
produced  by  the  emaimtions  from  lead  or  mercury  in  persons 
who  work  in  tliese  articles.  Among  tlie  most  striking  prooft 
of  the  absorption  of  vapors  by  the  lungs  are  the  clfeets 
of  the  inhalation  of  the  vapor  of  ether.  This  passes  into 
the  blood  and  manifestfl  its  characteristic  anaesthetic  infln^ 
ence  almost  immediately.  Not  only  have  vapors  introduced 
in  this  way  been  recognized  in  the  blood,  but  many  of  tho 
princijiles  thus  absorbed  are  excreted  by  the  kidneys^  and 

'  See  ToL  I,  Respiration. 
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may  be  recognized  by  their  characteristic  reactions  in  the 
mine. 

As  would  naturally  be  expected,  water  and  substances  in 
solution,  when  injected  into  the  respiratory  passages,  are  rapid- 
ly absorbed ;  and  poisons  administered  in  this  way  manifest 
their  peculiar  effects  with  great  promptness/  Experimenters 
on  this  subject  have  shown  the  facility  with  which  liquids 
may  be  absorbed  from  the  lungs  and  the  air-passages,  but  it 
must  be  remembered  that  the  natural  conditions  are  never 
such  as  to  admit  of  this  action.  The  normal  function  of  the 
lungs  is  to  absorb  oxygen,  and  sometimes  a  little  nitrogen 
from  the  air  I  and  the  absorption  of  any  thing  else  by  these 
surfaces  is  unnatural,  and  generally  deleterious. 

Absorption  from  Closed  Ca/vities,  Reservoirs  of  Glands, 
etc. — ^Facts  in  pathology  showing  absorption  from  closed 
cavities,  the  areolar  tissue,  the  muscular  and  nervous  tissue, 
the  conjunctiva,  and  other  parts,  are  sufficiently  numerous. 
In  all  cases  of  effusion  of  serum  into  the  pleural,  peritoneal, 
pericardial,  or  synovial  cavities,  in  which  recovery  takes 
place,  the  liquid  becomes  absorbed.  It  lias  been  shown  by 
experiment  that  warm  water  injected  into  these  cavities  is 
disposed  of  in  the  sam^  way.  In  1683,  l)r.  William  Mus- 
grave  injected  water  into  the  thorax  of  a  greyhound,  produ- 
cing at  first  considerable  disturbance,  but  in  a  few  days  the 
fluid  was  removed  by  absorption,  and  entire  recovery  took 
place.  On  one  occasion,  a  pound  and  a  half  of  water  was 
injected  into  one  side  of  the  chest  and  half  a  pound  into  the 
other.*     Experiments  of  this  nature  have  been  frequently 

'  Numerous  experimeDts,  which  it  is  not  necessary  to  discuss  in  detail,  hare 
been  performed,  showing  the  prompt  absorption  of  poisons  from  the  respiratory 
surfaces.  Magendie  repeatedly  showed  this  with  solutions  of  nux  vomica  and 
other  poisons,  in  his  public  demonstrations  {PhSnomhiea  Physiques  de  la  Vie^ 
Paris,  1842,  tome  I,  p.  81).  It  has  been  found  by  Magendie  and  others  that  this 
is  one  of  the  most  rapid  ways  in  which  poisons  in  solution  can  be  introduced  into 
the  system. 

•  MusORATE,  Warm  Water  injected  into  the  Tliorax  of  a  Bitch. — Philowphioal 


4S8 


ABfiOBFnOK* 


repeated,  with  the  same  r^ults.  Effiisiotia  into  the  areolar 
tieene  are  genej'ally  removed  by  absorption.  In  <^i£as  of 
penetration  of  air  into  the  pleura  or  the  geneml  areolar  tis- 
sue, absorption  likewise  takes  place ;  showing  that  gases  may 
be  taken  np  in  this  way  as  well  as  liquids.  Effusions  of 
blood  beneath  the  skin  or  the  conjunctiva,  or  in  the  muscular 
or  nervous  tissuej  may  become  entirely  or  in  part  absorbed, 
1%  is  true  that  these  are  pathological  conditions,  but  in  the 
closed  cavities,  the  processes  of  exhalation  and  absorption  are 
constantly  going  on^  though  not  very  actively. 

Experiments  are  not  wanting  to  confirm  these  faets.  It 
is  very  common  to  produce  dilatation  of  the  pupil  by  the 
application  of  a  solution  of  atropine  to  the  conjunctiva.  Ma- 
gendie  made  numerous  experiments  upon  the  relative  rapid- 
ity of  absorption  of  poisons  from  the  areolar  tissuOj  the  pleu- 
ra, and  some  of  the  other  serous  (cavities.*  These,  however^ 
only  confirmed  what  has  been  so  often  observed  in  patholc^ 
and  therapeutics.  As  regards  absorption  from  the  areolar 
tissue^  the  administration  of  remedies  by  the  hypodermic 
method,  which  is  now  so  common j  is  a  daily  proof  of  the 
facility  with  which  soluble  principles  are  taken  into  the  blood 
when  introduced  beneath  the  skin. 

Under  some  circumstances^  absorption  takes  place  from 
tlie  reservoirs  of  the  various  glands,  the  watery  portions  of 
the.  secretions  being  generally  taken  up^  leavhig  the  solid 
and  the  organic  matters.  It  is  supposed  that  the  bile  liecotnes 
somewhat  inspissated  when  it  has  remained  for  a  time  in  the 
gall-bladdery  even  when  the  natural  flow  of  the  secretion  is 
not  interrupted*  Cert^iinly,  when  the  duct  is  in  any  way 
obstructed,  absorption  of  a  portion  of  the  bile  takes  place, 
as  is  proven  by  CAiloration  of  the  conjunctiva,  and  even  of 
tlie  general  surface,  Tlie  serum  of  the  blood,  under  these 
conditions,  will  alwa^^*s  be  found  strongly  colored  with  bile, 

TVavtatHi^m^  No.  240,  p.  181 ;  rep nu led  la  Ihe  Abfidgtnetitf  I^ndoii, 
fifth  ctlkkm,  vol.  iU.,  p.  tS. 

'  MA^JKSlJif  J  PA^n^ni^a  Phifnguf^  dt  la  Vte^  Paris,  1842,  Ume  L»  p.  29  dmq. 
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It  is  probable  that  some  of  the  watery  portions  of  the 
urine  are  reabsorbed  by  the  mucous  membrane  of  the  urinary 
bladder,  when  the  urine  has  been  long  confined  in  its  cavity ; 
though  this  resorption  is  ordinarily  very  slight.  A  great 
many  cases  of  discharge  of  urinarj-  matters  by  the  stomach 
and  intestines,  skin,  etc.,  when  the  urine  has  been  long  re« 
tained,  have  been  reported  by  the  flder  physiologists,  and 
were  supposed  to  indicate  resorption  of  these  principles  from 
the  bladder.  The  mechanism  of  the  excretion  of  urinary 
matters  was  not  understood  before  tlie  experiments  of  Pro- 
vost and  Dumas,  who  showed  that  urea  will  accumulate  in 
the  blood  after  the  extirpation  of  both  kidneys  in  the  inferior 
animals.*  It  is  now  generally  admitted  that  this  takes  place 
when  the  function  of  excretion  of  urine  is  seriously  inter- 
fered with,  and  that  an  attempt  is  made  by  Nature  to  re- 
move these  effete  principles  from  the  system  by  the  stomach, 
intestine,  skin,  and  lungs.  It  is  possible,  therefore,  that  the 
vicarious  discharge  of  urinary  matters  in  the  cases  reported, 
before  the  true  process  of  excretion  by  the  kidneys  was  un- 
derstood, was  due  to  accumulation  of  the  constituents  of  the 
urine  in  the  blood,  and  not  their  resorption  from  the  urinary 
passages. 

Absorption  may  take  place  from  the  ducts  and  the  par- 
enchyma of  glands,  tliough  this  occurs  chiefly  when  foreign 
substances  have  been  injected  into  these  parts. 

Absorption  of  FaU  and  Insolvhle  Substances. 

The  general  proposition  that  all  substances  capable  of 
being  absorbed  are  soluble  in  water  or  in  the  digestive  fluids 
must  be  modified  in  the  case  of  .the  fats.  These  are  never 
dissolved  in  any  appreciable  quantity  in  digestion,  the  only 
change  which  they  undergo  being  a  minute  subdivision  in 
the  form  of  a  very  fine  emulsion.   In  this  condition,  the  fats 

'  Fk^ost  et  Dumas,  Ezamen  du  Banff  ei  de  ton  Action  daru  leu  divert 
Fhhwminet  de  la  Vie. — Atmalet  de  CItimie  ei  de  Phytiqijie,  Parii,  1823,  tome 
xiiii.,  p.  90. 
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are  taken  np  bj  the  liieti3a]&^  and  may  be  absorbed  in  snmll 
qtiantitr  by  tbe  blood-vessels.  Altbongb  it  is  now  pretty 
well  understood  bow  eiidosu^otic  Hqmde  pass  tbrougb  tlit? 
Willis  of  the  blood- vesficlfi  and  absorbentSj  the  mecbankiu 
of  tbe  penetration  of  fatty  particles,  wbieb  is  no  lem  con* 
stant,  IB  still  some  what  ohsciire. 

There  can  he  no  qi%^tion  with  r^;aFd  to  the  aetnal  penc 
tration  of  the  minute  particfcs  of  the  chyle  into  tbe  kc 
and  even  into  tbe  blood-vei^^els-    In  btrde,  indeed,  according 
to  Bernard,  all  tbe  tiit  wbieb  is  absorbed  is  taken  np  by  tlit* 
blood-yesselsj  the  lymphatics  of  tbe  inte&tine  never  contain- 
ing a  milky  fluid.*    Confining  our  disenssion  to  the  mechan- 
ism of  absorjition  of  fatty  emulsion  in  mammals,  it  mti^  be 
admitted  that  the  assumption  of  the  existence  of  orilioe#  in 
the  walls  of  the  lacteals,  even  if  we  deny  the  actufil  anatomi- 
cal demonstration  of  these  openings,  becomes  almost  nccei^ 
sary  ;  for  the  e^erinients  upon  the  pa&e^ge  of  fatty  p»irtick*s 
through  closed  membranes  are  certainly  very  ansatisfaelory. 
Taking  into  consideration  all  of  the  facts  bearing  iii>on  the 
question,  it  seems  more  probable  that  orifices  exist  in  the 
vessels  than  that  tbe  fatty  particles  penetrate  by  ondo 
niosis ;  but  it  must  be  reniembeTOl  lliat  this  idea  rests  ujioi 
tlie  imdoubted  phT&iological  fact  of  the  nbsorption  of  emul-^ 
siona  rather  tlian  Tiix)n  anatomical  grounds  i  and,  if  we  werv 
not  called  upon  to  explain  the  absorption  of  fatty  parti 
it  is  doubtful  whether  tbe  stomata  of  tbe  vessels  wnuld 
60  generally  admitted.    It  is  not  infrequently  the  case  i 
we  are  forced  to  assume  the  existence  of  certain  anatomic 
arrangements  as  the  only  reasonable  explanatitm  of  phyiiQ 
logical  phenomena,  when  actual  demonstrations  are  iinsatii** 
factory.    With  regard  to  the  lacteals,  when  we  remenibes| 
the  excessive  tennity  of  tbe  vessels  of  origin,  the  close  14!-" 
besion  of  their  walk  to  the  snrrounding  tissues,  the  novelty 
and  uncertainty  of  the  staining  processes,  and  the  fact  llmt 
some  anatomists  deny  that  the  finest  so-called  lymphatic 
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plextiees  of  origiii  liftve  any  dietrnct  walls,  it  is  readily  un Jer- 
stoad  how,  as  physiologists,  we  must  regard  the  existence  of 
itomata  in  the  lyinphatics  us  an  idoa  based  tipoii  tlie  neces- 
flitj  of  explaining  well-established  phy&iologienl  phenomena, 
rather  than  ft  clearly-demonstrable  anatomical  iacL 

The  currents  which  take  placo  bt'tween  two  niiscible 
liquids  of  different  densities  separated  by  an  animal  nieiu- 
brane  do  not  usually  occur  when  one  of  these  liquids  is  a 
fatty  emulsion ;  and  this  is  explained  by  the  genenil  law 
that  all  subBtJineeSj  in  order  to  pass  through  ruenihranes, 
must  be  in  so  hit  ion.  It  must  he  remembered,  boweverj 
that  we  can  but  roughly  imitate  the  physiological  conditions 
of  any  function,  in  experiments  out  of  the  organism*  In  an 
endoemometer,  wc  usually  have  two  liipiids  of  dillbrent  den- 
feities  separated  by  the  membrane,  and  the  currents  are  de- 
pendent npon  very  simple  pliysical  laws.  In  the  organism, 
the  blood  is  moving  with  f^reat  rapidity  in  vessels  possessing 
eontractile  and  elastic  coats  \  the  diameter  of  the  vessels  is 
lauliject  to  great  variations ;  the  liquids  which  enter  the 
blood-vessels  or  the  lacteals  pass  through  epithelial  cells  and 
other  structures  which  are  in  a  condition  of  continual  meta- 
morphosis ;  the  walls  of  the  vessels  are  thinner  than  any  mem- 
brane wliich  we  can  make  nse  of;  and  there  is  a  host  of  con- 
ditions which  cannot  be  fulfilled  in  any  apparatus  that  can  be 
artificially  constructed*  We  may  roughly  imitate  the  move- 
ment of  the  circulating  fluids,  and  then  it  is  found  that  the 
activity  of  the  endosmotic  current  is  greatly  increased. 

It  has  been  found,  alsoj  that  the  chcraical  reaction  of  the 
endosmotic  liquids  has  an  important  infiuence  upon  osmotic 
currents.  This  latter  condition  is  most  interest  nig  with  re- 
gard to  the  absorption  of  fats.  "While  it  has  beon  found  in- 
variably that  neutral  emulsions  will  not  pass  tlirough  mem- 
branes and  mix  with  pure  water  or  with  neutral  fluids,  it  has 
been  conclusively  demonstrated  by  Matteneei  that  the  pas- 
sage of  fats  readily  takes  place  when  both  of  the  solutions  are 
alkaline-   This  obseiwer^  having  made  an  emulsion  of  olive- 


oil  \ritli  water  coiitaiuiBg  4-3  parts  per  thousnnd  of  potash, 
introiluced  into  it  an  endosmometer  likewise  filled  with  a 
feiibty -alkaline  fluid.  The  niembrane  used  mm  the  iinoary 
bludtler  of  the  ox,  and  the  temperature  was  80^  Fahr.  at  the 
beginning  of  tlie  exiieriment.  In  a  very  short  time,  the 
liquid  had  mounted  in  the  endosmometer  more  than  an 
inch.'  In  those  experimentSj  the  liquitts  were  not  more 
strongly  alkaline  tiian  the  blood  or  the  lymph ;  and  it  m 
fair  to  infer  that,  in  the  intestine,  where  the  conditions  are 
vciy  favorable  for  absorption,  the  minute  fatty  particles  of 
chyle  may  possibly  pass  through  the  coats  of  the  lactcals  or 
the  blood-vessels  to  the  lymph  and  the  blood,  which  fluids  i 
always  distinctly  alkaline.  Although  we  cannot  at  present 
explain  precisely  how  emulsions  pass  through  membranes  in 
which  no  orifices  can  be  denmuBtratud,  tlieir  penetration  by 
endosmoBis  is  possible,  to  say  the  least. 

In  studying  the  mechanism  of  the  peuetration  of  fatty 
particles  into  the  inteBtinnl  villi,  it  has  been  demonstratal 
that  the  epithelial  cells  covering  the  villi  play  an  importaot 
part  in  this  process.  It  was  first  ascertained  by  Goodsir  that, 
during  the  digestion  of  fat,  these  cells  became  tilled  with  tatty 
jsrranulcs,*  This  fact  has  been  eonfirmcd  hj  Gruby  aud 
Delafond,'  Kulliker/  and  others.  Prof.  Dalton,  in  his  w*ork 
on  phyaiology,  figures  the  appearances  of  the  intestinal 

*  Matteucc  i^  Lii'OfiJi  »nr  pkhttmuhteit  phyviqw*  dm  e&rpt  ntfanit,  P^lsp 
1847,  p.  105. 

'  Goot^tll^  On  the  Sirurture  of  iht  Int^iinal  VUU  m  Man  mtd  avrlatn  of  iki 
M£imnmli^i^  tothe  Observftiions  <m  Bf^tfttm  and  (he  Afm>rplioH  of  Chifl*, 
— The  Edinburgh  3Vw  Phitmdphkal  Journalt  1842,  vol.  xiiiii.,  p.  16T«  6ocMliS# 
thought  that  the  epithelium  of  tho  viUi  was  for  the  protection  uf  tbesa  pi" 
during  the  jutervals  of  digeatioOj  and  that  the  CfUs  were  alwar*  de«quaniit 
during  &bdorptiou  ;  but  thig  view  Ifl  mi  now  t^utertamed. 

*  Grubt  it  Dklatonp,  EkmdiaU  ties  recheri}ua  fuitn  tur  Patwiomw  id  it§ 
fmciions  dei  vWonUh  inttntimln,  rahmrptiorr,  /a  proration  H  la  amtpo^iitot^ 
or^ni^ur  du  chyl*  tfanit  I^m  ammaux, — Conipiei  rm(^^  Fadfl,  1843,  tom«  XirL| 
p.  1 IM.  The^ie  auiljora  pointed  out  ihe  dlfFercrvcea  between  the  ephheli^  i 
durinf^  fflRfmir  and  dirrltif?  dig^tion  ;  but  they  made  seveml  errorg  in  their  obp 
servitionD^  and  dL'scnbed  eilivry  proceftses  oti  the  fr««  en  da  of  the  epithelium. 

*  KoLLiJum^  £lemtnU  d'hisloloifit  hummnr^  Pftria,  186S|  p.  MO. 
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epitheKum  during  the  digestion  of  fat,  contrasted  with  the 
epithelium  observed  during  the  intervals  of  digestion ;  showing 
the  cells,  during  absorption,  filled  with  fatty  granules.*  The 
hypothesis  of  Briicke,  that  the  free  ends  of  these  cells  liave 
no  membrane,  and  that  the  fat  enters  to  be  passed  out  at 
openings  in  the  pointed  ends,  cannot  be  sustained ;  for  Kolli- 
ker  has  demonstrated  that  the  entire  layer  of  epithelium 
covering  the  villi  is  itself  covered  by  a  continuous  mem- 
brane.' 

A  more  accurate  knowledge  of  cell-action  might  enable 
us  to  explain  the  mechanism  of  the  passage  of  fat  through 
these  structures  in  the  intestine.  In  the  general  process  of 
nutrition,  fatty  granules  are  frequently  deposited  in  various 
tissues,  cells,  etc.,  by  virtue  of  an  inherent  property  common 
to  all  living  tissues,  which  enables  them  to  select,  as  it  were, 
certain  principles  from  the  nutritive  fluid.  It  is  as  difficult 
to  explain  how  fatty  particles  pass  out  through  the  walls  of  the 
capillary  blood-vessels  and  penetrate  cells  and  other  structures, 
as  it  is  to  nnderstand  how  the  particles  of  chyle  penetrate  the 
cells  of  the  intestinal  villi  and  enter  the  lacteals  and  blood- 
vessels, unless  we  admit  the  existence  of  orifices  in  their  walls. 
The  only  purely  physical  facts  which  throw  any  light  upon  this 
phenomenon  are  those  of  the  passage  of  emulsions  through 
closed  membranes  moistened  with  alkaline  fluids.  Exces- 
sively-fine emulsions  actually  penetrate  the  intestinal  vessels 
and  the  structures  which  cover  them ;  and  the  fluids  contained 
in  these  vessels  are  always  distinctly  alkaline.  How  far  the 
epithelial  cells  covering  the  villi  are  concerned  in  this  process, 
is  a  question  which  cannot  at  present  be  satisfactorily  answered. 

It  is  true,  as  a  general  law,  that  insoluble  substances, 
with  the  exception  of  the  fats,  are  never  regularly  absorbed, 
no  matter  how  finely  they  may  be  divided.  The  apparent 
exceptions  to  this  are,  mercury  in  a  state  of  minute  sub- 
division like  an  emulsion,  and  carbonaceous  particles.  In  the 

>  Dalton,  TreaiiMe  on  Human  Phifnology^  Philadelphia,  1871,  p.  15r>. 
*  See  page  816. 
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caee  of  merciirjj  it  is  well  known  that  minitte  particles  in 
the  form  of  iinguentB  may  be  introduced  into  the  system  by 
prolonged  frictions;  but  this  cannot  be  regarded  as  an  in* 
stance  of  physiological  absorption.  We  ha^c  already  con- 
Bidered  the  subject  of  the  passage  of  Bmall  carbonaceons 
particles  through  the  pulmonary  membrane,  and  have  seen 
that  their  penetration  is  purely  mechanical/  The  same  thing 
may  possibly  occur  when  fine  sharp  particles  of  carbon  are 
introduced  into  the  alimentary  canal ;  but  the  experiments 
of  Mialhe  with  pulverized  charcoal,'  and  particularly  thoiio 
those  of  Berard,  Kobin,  and  Bemar<l  with  lamp-ldack  intro- 
duced into  the  intestinal  canal  of  animals,  showeii  tliat 
though  the  intestinal  mucous  membrane  became  of  a  deep 
black,  this  could  easily  Ije  removed  by  a  stream  of  water^ 
and  no  carbonaceous  particles  could  be  discovered  in  the 
mesenteric  veins,  the  lacteak,  or  the  mesenteric  glands^' 
When  the  carbon  is  used  in  the  form  of  lamp-blackj  the 
particles  are  very  minute  and  rounded,  and  do  not  present 
the  sharp  points  and  edges  which  scwneHmes  enable  the 
grains  of  pulverized  charcoal  to  penetrate  the  vessels  me- 
chanically* 

Varmiiom  and  Modijkaiimu  qf  Ahaorptwn. 

Very  little  is  known  concerning  tlie  variations  in  lacteal 
or  lymphatic  absorption  ;  but  in  absorption  by  blixMj*vessels^ 
important  modifications  occur,  due,  on  the  one  handj  to  dif- 
ferent conditions  of  the  fluids  to  be  absorbed,  and  on  the 
othcr^  to  differences  in  the  constitution  of  the  blood  and  in 
the  conditions  of  the  vest^eK 

The  different  conditions  of  the  ftnids  to  be  absorbed  ap- 
]>arently  do  not  always  have  the  same  influence  in  phwio* 
logical  absorption  as  in  endosmotic  experiments  made  out 
of  the  body.    Saccharine  solutions  of  different  densities  con- 

'  Vol*     R^spimtion,  p,  364. 

*  Ml  ^ LITE,  CTtimie  appliq^ie  d  la  PhyMo^f,  Piirii,  185ti,  p,  If  7, 
'  BEa4iEti,  Cmits  dt  Pfttfm  >fo^ie,  Paris,  3  §49,  t^me  iL,  p.  720* 
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fined  in  distinct  portions  of  the  intestinal  canal  of  a  living 
animal  do  not  present  any  marked  variations  in  the  rapidity 
of  their  absorption,  and  they  are  taken  up  by  the  blood,  even 
when  their  density  is  greater  than  that  of  the  blood-plasma. 
Solutions  of  nitrate  of  potash  and  sulphate  of  soda  of  greater 
density  than  the  serum,  which  would,  therefore,  attract  the 
endosmotic  current  in  an  endosmoraeter,  are  readily  taken 
up  by  the  blood-vessels  in  a  living  animal.*  Indeed,  nearly 
all  soluble  substances,  whatever  be  the  density  of  their  solu- 
tions, may  be  taken  up  by  the  various  absorbing  surfaces 
during  life. 

The  woorara  poison  and  most  of  the  venoms  are  remark- 
able exceptions  to  this  rule.  In  a  series  of  very  interesting 
experiments  upon  the  absorption  of  woorara,  Bernard  has 
shown  that  this  curious  poison,  wliich  is  absorbed  so  readily 
from  wounds  or  when  introduced  under  the  skin,  generally 
produces  no  effect  when  introduced  into  the  stomach,  the 
small  intestine,  or  the  urinary  bladder.  This  result,  how- 
ever, is  not  invariable,  for  poisonous  effects  are  produced 
when  the  agent  is  introduced  into  the  stomach  of  a  fasting 
animal.'  This  peculiarity  in  the  absorption  of  many  of  the 
animal  poisons  has  long  been  observed ;  and  it  is  well  known 
that  flesh  of  animals  poisoned  with  woorara  can  be  eaten 
with  impunity.  It  is  curious,  however,  to  see  an  animal 
carrying  in  the  stomach  without  danger  a  fluid  which  would 
produce  death  if  introduced  under  the  skin  ;  and  the  ex- 
planation of  this  is  not  readily  apparent.  The  poison  is 
not  neutralized  by  the  digestive  fluids,  for  woorara  digested 
for  a  long  time  in  gastric  juice,  or  taken  from  the  stomach 
of  a  dog,  is  found  to  possess  all  its  toxic  properties,  as  we 
have  frequently  shown  (repeating  the  experiment  of  Ber- 
nard) by  poisoning  a  pigeon  with  woorara  drawn  by  a  fis- 
tula from  the  stomach  of  a  living  dog.    If  we  recognize  the 

•  LoKOKT,  Traiie  de  Phifsiologu,  Paris,  1861,  tome  I,  p.  402. 

•  Bernard,  i>pan«  sur  les  EffeU  des  Siib«tance»  Toxiques  et  MedicamcnteuseB, 
Paria,  1836,  p.  282  et  teq. 


absorption  of  this  poison  simplj  by  its  effects  upon  the 
tem,  it  must  be  assumed  that,  during  digestion,  it  cannot  Ho 
absorbed  by  the  raucous  membrane  of  the  stomach  and  stnall 
iut^tine,  notwithstanding  that  it  is  exceedingly  solulile. 

It  has  also  been  shown  by  S^galas,  that  liquids  whidi 
immediately  disorganize  the  tissueBj  sucJi  as  coneentrated 
nitric  or  jsulphiiric  acid,  cannot  bo  absorbed »^  ^Vnnther 
important  pecultarity  in  nb&orpdon  has  been  demonstmted 
by  Mialhe,  who  has  sliown  that  solutions  which  readily  d> 
agulate  the  albumen  of  the  circulating  Huid^  are  absorbed 
very  slowly/  This  h  explained  on  @  apposition  that  there  i* 
a  coag4i1ation  of  the  alljnminous  fluids  with  which  the  al> 
sorbing  membrane  is  permeated,  w^hich  intorfures  with  the 
passage  of  liquids*  These  suljstances  are  nevertheles§  takers 
np  by  the  blood* vessels,  tliough  rather  slowly. 

The  mollifications  which  are  due  ^ply  to  tlve  physical 
couditions  of  liquids  to  be  absorbed  are  chiefly  manitWtt^d 
out  of  tlie  body,  and  will  be  considered  in  connection  witb 
the  subject  of  eudosmoeis. 

Ifijlmnce  of  t/ie  Cmdliim  of  the  Blood  and  the  Yts9d4  m 
AhmrptiotK — ^After  loss  of  blood  or  deterioration  of  the  nutri- 
tive fluid  from  prolonged  abstinence,  absorption  generally 
takes  place  with  great  activity.  This  is  well  known,  both  aa 
regards  the  entrance  of  water  and  alimentary  sob^taneee  anil 
the  absc^rption  of  medicines.  It  was  at  one  time  4|mte  a  t\mi- 
mou  practice  to  bleed  before  admini^^tering  certain  remedies, 
in  order  to  produce  their  more  speedy  action  upon  the  sTfr 
tem.  The  increase  in  tlie  activity  of  the  aljsorjition  of  ^kii* 
sons  by  bleeding  was  strikingly  illiLstrated  by  ilagendie  in 
some  of  his  earliest  experimentii.  lie  found  that  when  aa 
animal  had  been  bled  copiously,  the  ctfects  of  pois^->nA,  which 
were  ordinarily  manifested  alter  two  minutes,  appeared  mtli- 

Barh,  18&T,  cotuta  Ir.,  p.  287* 

•  MiAi^nE^  Chfttiif  fipiffiqt4ed  fa  Ph^f&h^te^  Paris  ISSft,  p.  *2<X>. 
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in  thirty  seconds.*  In  the  same  series  of  experiments,  the 
effects  of  excessive  repletion  of  tlie  vessels  were  demonstra- 
ted. After  injecting  abont  a  quart  of  water  into  the  veins 
of  a  dog  of  medium  size,  absorption  was  found  to  be  con- 
siderably retarded;  and  in  another  experiment,  in  which 
more  than  two  quarts  of  water  were  thus  introduced  (as 
much  as  could  be  injected  without  producing  death)  the  ab- 
sorption of  poisons  seemed  to  be  arrested ;  and  after  having 
waited  half  an  hour  for  the  phenomena  which  were  generally 
developed  in  two  minutes,  a  large  opening  was  made  in  the 
jugular  vein,  and  as  the  vessels  became  relieved,  the  toxic 
effects  were  manifested." 

The  rapidity  of  the  circulation  has  an  important  influence 
upon  absorption.  We  have  already  shown,  in  treating  of  the 
action  of  the  blood-vessels  on  absorption,  that  this  process 
may  be  impeded  or  even  arrested  by  the  ligation  of  important 
vessels.  It  has  been  evident,  also,  that  absorption  is  generally 
active  in  proportion  to  the  vascularity  of  different  parts. 
During  the  process  of  intestinal  absorption,  the  increase  in 
the  activity  of  the  circulation  in  the  mucous  membrane 
is  very  marked,  and  undoubtedly  has  it«  influence  upon  the 
rapidity  with  which  the  products  of  digestion  are  taken  up. 

I^jflmence  of  the  Nervom  System  on  Absorption. — Experi- 
ments upon  the  influence  of  the  nervous  system  on  absorption 
are  still  very  imperfect.  It  is  certain  that  this  process,  espe- 
cially in  the  stomach,  is  subject  to  variations,  which  can 
hardly  be  dependent  upon  any  thing  but  nervous  action. 
Water  and  other  liquids,  which  usually  are  readily  absorbed 
from  the  stomach,  are  sometimes  retained  for  a  time,  and  are 
afterward  rejected  in  nearly  the  condition  in  which  tliey  were 
taken.  It  is  probable,  however,  that  the  most  important  in- 
finences  thus  exerted  by  the  nervous  system  are  effected 

'  Maoendie,  Mhnoire  9ur  U  MechanUme  de  r Absorption  chez  les  Animaux  d 
Sang  rouge  H  chaud. — Journal  de  Physiologie^  Paris,  1821,  tome  i.,  p,  5. 
*  MAOK2a)iE,  loc,  cit. 
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througli  the  eiretilatioLu  The  m?ent  experiments  o(  Bernaixl 
and  otbere  upon  the  Bympalhette  system  of  nerrm  and  its 
connection  with  the  inuscnlar  coats  of  tlie  £^ma11  arteriee,  hr 
the  action  of  which  the  supply  of  blood  in  diftei'eiit  parti>  is 
regulatedj  point  ont  a  line  of  escperimentation  which  wotdd 
probably  throw  much  light  upon  ^ome  of  the  important  vari- 
ations in  absorption.  When  it  is  remembered  timt  the  j&mall 
arteries  may  become  so  contracted  under  the  inlliietiee  of  the 
sympathetic  system^  tliat  their  caliber  is  almost  obliterated, 
of  course  retarding  to  a  corresponding  degree  the  capillary 
and  venous  circulation  in  the  parts,  and,  agaiu^  that  through 
the  sympathetic  nerves  the  same  vesi^els  may  be  m  dilate<l  as 
to  a<lmit  to  a  particular  part  three  or  four  times  as  much 
blood  as  it  ordinarily  receives,  it  become  apparent  that  al>- 
sorption  may  be  profoundly  affected  through  this  system  of 
iiervee.  Unfortunately,  there  are  as  yet  iiu  definite  experi- 
ments upon  these  points^  In  the  observations  upon  absor|^ 
tiou  after  (lividon  of  certain  nerves  by  Brodie,  Brachet,  L«>u- 
get,  and  otlieris,  attention  was  always  directed  particulariy  to 
the  cerebro-Bpinal  system,  and  many  of  the  expGriments,  in- 
deed  J  were  made  before  much  was  kno^n  conceniing  the 
functions  of  the  s}'mpatbetic_ 

As  far  as  the  influence  of  the  cei^ebro-epinal  system  is 
eoncemod,  it  has  been  ascertained  that  while  seciion  of 
some  of  the  nei'ves  distrilmtcd  to  the  alimentary  canal  will 
slightly  retard  the  alisorption  i»f  poisonous  tsnhcitances,  it  is 
never  entirely  arrested,  Louget  found  tliat  the  operation  of 
stryehnme  injected  into  the  stomach  of  a  dog  in  which  l>ot!i 
pneumogastric  nerves  had  been  divided  was  retarde*]  aI)oul 
five  minutes ;  but  that  the  conridsionB,  when  they  oeeiirrad, 
wpre  fully  as  severe  as  in  an  animal  which  had  received  an 
equal  dose,  without  section  of  the  nerves.* 

*  LoKOiT,  Train  de  f^^ioio^t,  P*rb,         tome    p*  S7S. 
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DfBIBrnOK  AND  ENDpSMOBIS. 

General  considerations — ^Imbibition  by  animal  tissues — Mechanism  of  the  passage 
of  liquids  through  membranes — Observations  anterior  to  those  of  Dutro- 
chet — ^Experiments  of  Dutrochet — Conditions  necessary  to  endosmosis  and 
exoemosis — ^Influence  of  membranes  upon  osmotic  currents — Capillary  attrac- 
tion— ^Imbibition  by  porous  substances — Endosmosis  through  porous  septa— 
Endosmosis  through  animal  membrane^i — Endosmosis  thi-ough  liquid  septa — 
Electrical  theory  of  endosmosis — ^Influence  of  different  liquids  upon  osmotic 
currents — Difihsion  of  liquids — Endosmotic  equivalents — ^Modifications  of  en- 
doemosL) — Modifications  due  to  the  extent  and  the  thinness  of  the  permeable 
membrane — Modifications  due  to  pressure  and  the  movements  of  liquids — 
Modifications  due  to  variations  in  temperature — Modifications  induced  by  elec- 
tricity— ^Application  of  physical  laws  to  the  function  of  absorption— Transu- 
dation. 

The  ideas  of  physiologists  concerning  the  mechanism  of 
the  absorption  of  sohible  substances  have  become  radically 
changed  since  the  beginning  of  the  present  century ;  and  it 
is  now  generally  admitted  that  this  process  takes  place  chiefly 
by  blood-vessels,  and  that  the  absorbents  have  no  such  won- 
derful elective  power  as  was  attributed  to  them  by  the  older 
writers.  This  involves  the  passage  of  liquids  through  the 
coats  of  the  blood-vessels  and  lymphatics ;  a  process  which  has 
been  the  subject  of  numerous  experiments,  resulting  in  the 
development  of  many  important  physical  laws  capable  of  ap- 
plication to  physiological  absorption.  At  the  present  day,  the 
history  of  absorption  is  not  complete  without  a  consideration 
of  the  laws  of  imbibition  and  endosmosis.  In  accordance 
with  the  plan  which  we  have  endeavored  to  follow  in  the 
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course  of  this  work,  we  ehall  oolj  consider  fally  those  fieta 
iti  the  hbtory  of  en  r  I  osmosis  which  are  directlj  applieaMe  to 
aV>sorpHon  as  it  takes  place  in  the  living  organism;  neees^* 
rily  omitting  many  f>oint8  which  may  be  interesting,  bai 
which  have  no  direct  phjisiological  application.  It  is  impor- 
tant, however,  to  ai^ertain  precisely  how  far  the&e  physical 
laws  are  involved  in  the  passage  of  liquids  through  lii^g 
metnhranes. 

In  entering  upon  the  consideration  of  endosmotic  action 
as  applied  to  phymological  absorption,  we  treat  of  the  bliKHi- 
vessel 3  as  tubes,  the  walls  of  which  are  pemieahle,  but  not 
necessarily  provided  with  openings.  The  existence  of  ori- 
fices  in  the  lacteals  and  the  blood-veseels  has  been  asstinied 
mainly  t^  account  for  the  abst^rption  of  fatty  particles :  and 
the  absoqition  of  soluble  substances  may  take  place  iJa  the 
absence  of  openings  in  the  vessels. 

It  ifi  evident  that  if  hqnids  be  capable  of  passing  throngh 
the  substance  of  animal  membranes,  the  membrane  itself  i* 
capable  of  taking  up  a  certain  portion  of  the  liquid  by  imbi* 
bition ;  and  this  must  be  considered  as  the  starting-point  in 
absorption. 

Indjibition  is,  indeed,  a  property  common  to  all  animal 
fitructurei!.  One  of  the  most  striking  characteristics  of  or- 
ganic jirinciplea  is  that  they  may  lose  water  by  desiccation 
and  regain  it  by  imbibition.  It  is  also  a  well-known  fact 
that  the  tissues  do  not  imbibe  all  sohitions  with  tlie  sjime 
degree  of  activity.  The  researches  of  Liebig  have  shown 
that  distilled  water  is  the  hqiiid  which  is  always  taken  tip  in 
greatest  quantity,  and  that  saline  Bolurions  enter  the  suK 
stance  of  the  tissues  in  an  inverse  ratio  to  their  density,* 
Til  is  is  also  the  fact  with  regard  to  mixtures  of  aloohol  and 
water;  imbibition  always  being  in  an  inverse  proportion  to 
the  quantity  of  alcohol  present  in  the  liquid.    Among  the 

*  Lticatai  JMbtrekm  sur  qmlq^um-unet  dm  Cauvs  dm  Motiv&nrmi  dm  Ltgrndn 
dam  rOrfftuimnr  Ammal,<—ArtrKilm  de  Chtmi^ft  flf  Ph^^iqt*f,  PariH,  1849,  dent 
^tfHu,  totlJtr  IXY.,  p.  3ft7^ 
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other  circumstances  which  have  a  marked  influence  upon 
imbibition,  is  temperature.  It  is  a  familiar  fact  that  dried 
animal  membranes  may  be  more  rapidly  softened  in  warm 
than  in  cold  water ;  and  with  regard  to  the  imbibition  of 
liquids  by  sand,  the  researches  of  Matteucci  and  Cima  have 
shown  an  immense  increase  at  a  moderately  elevated  tem- 
perature.* While  nearly  all  the  structures  of  the  body 
will  imbibe  liquids,  after  desiccation,  the  membranes  through 
which  the  processes  of  absorption  are  most  active  are,  as  a 
rule,  most  easily  permeated;  and  we  shall  see  when  we 
come  to  study  the  mechanism  of  the  passage  of  liquids 
through  these  membranes,  that  the  character  of  the  liquid, 
the  temperature,  etc.,  have  a  great  influence  upon  the  activ- 
ity of  this  process.  For  example,  all  liquids  which  have  a 
tendency  to  harden  the  tissues,  such  as  saline  solutions,  alco- 
hol, etc.,  pass  through  with  much  less  rapidity  than  pure 
water.  These  facts  will  be  found  particularly  interesting  in 
connection  with  experiments  on  the  passage  of  liquids 
through  membranes,  in  experiments  on  endosmosis  with  arti- 
ficial apparatus. 

MecJumUm  of  the  Passage  of  Liquids  through  Membranes, 

The  attention  of  physiologists  was  fii-st  directed  to  this 
subject  by  the  researches  of  Dutrochet,  in  1820.'  Though 
not  by  any  means  the  first  to  observe  the  phenomena  which 
he  described  under  the  name  of  endosmosis,  to  Dutrochet  is 
generally  ascribed  the  honor  of  having  first  indicated  the 
applications  of  the  laws  of  endosmosis  to  the  nutrition  of 
plants  and  animals.    Undoubtedly,  Dutrochet  was  the  first 

*  Matteucci,  Le^ns  tur  les  Phenamenes  Physique  des  Corps  VivarUs,  Pari?, 
1847,  p.  23. 

•  The  most  complete  account  of  these  experiments  is  contained  in  a  collection 
of  memoirs  published  by  Dutrochet,  in  1837,  entitled  Memoires  pour  aa-vir  d 
VSitioire  Anaiomique  et  Phiftiologique  dea  Vegelaia  et  des  Animaux^  tome  i.,  pp. 
1-99.  A  pretty  full  account  is  al^o  giren  by  Dutrochet  in  the  Ct/dopadia  of 
Anatomy  and  Phytiology^  article  Endosniosify  London,  1836-1839,  vol.  ii.,  p.  98. 


to  make  experiinenta  upon  endosmofiis  which  attracted 
the  attention  of  scientific  men  in  different  parte  of  the 
world  and  were  immediately  repeated  and  extended;  but 
the  experlmentB  made  upon  living  animals  bv  Lebkiichner, 
in  1819,  and  by  Magendie,  iji  1820,  had  already  demon- 
strated most  conclusively  the  passage  of  liquids  through  the 
walls  of  the  blood-vessels ;  and  tlie  explanation  offered  by 
these  physiologists  was  fully  as  definite  as  that  proposed 
by  Dutrocliet, 

In  the  exx>erimeiits  of  Lebkiichner,  it  was  conclusively 
shown  tliat  solutions  readily  passed  through  many  an' 
mat  uiembraiies,  especially  the  walls  of  the  blood-vessela* 
He  found  that  prussiate  of  potash,  placed  in  contact  with 
the  jugular  vein  of  a  living  rabbit  for  ten  minutes,  pene- 
trated into  the  blood,  so  that  the  characteristic  reactions  with 
the  sulphate  of  iron  were  munifcsted  in  the  serum  of  the 
arterial  blood  and  the  blood  from  the  jugular  upon  the  opjKj" 
&ite  side.  The  same  I'esidt  followed  other  experiments  of  tha 
same  kind,  and  experiments  with  emetic,  prussic  acid,  etc/ 

In  the  experiments  of  Magendie,  this  observer,  refusi 
to  recognize  the  existence  of  absorbing  openinga,  either  in 
the  lacteals  or  the  venous  radicles,  showed  that  when  a  por- 
tion of  the  jugular  vein  was  plunged  into  acidulated  water, 
and  was  so  arranged  that  none  of  the  fluid  could  enter  ex- 
cept through  its  walls,  pure  water,  when  passed  in  a  streaiiL 
tlirongh  the  vessel,  became  sensibly  acid  in  from  five  to  si 
minutes.  Another  experiment  was  eveti  more  interesting. 
He  exposed  in  a  young  dog  the  jugular  vein  for  its  whole 
length,  placed  it  upon  a  card,  and  let  fall  drop  by  drop  npoii 
its  mirfaee  a  solution  of  nux  vomica,  taking  care  that  the 
poison  touched  nothing  but  the  card  and  the  vein,  and  that 
the  counse  of  the  hldbd  in  the  vessel  was  not  interrupte^h 
The  etiectsof  the  poison  were  developed  in  this  animal  in  four 


^  LebeUchnj^  BiKSeriaUon  inau^utitJt  mt  la  F^mkthiliit  de*  Tvan*  i^' 
Tubingue,  IB12  ( trai t. )—A rchfv^  Oht mi/f *  <k  Medtdnr^  P^ris,  1 8 25, 
Til,  p.  43&. 
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minutes.  This  experiment  was  repeated  upon  other  animals 
and  upon  the  carotid  artery,  with  similar  results.*  These 
observations  are  referred  to  in  recent  French  works  on  phys- 
iology, as  the  first  experiments  illustrating  the  operation  of 
imbibition  in  the  process  of  absoi*ption ; '  but  we  cannot  dis- 
cover why  they  do  not  fully  illustrate  the  passage  of  liquids 
through  the  mem]jranes  which  form  the  walls  of  the  blood- 
vessels. K  they  had  been  made  after  the  experiments  of 
Dutrochet,  instead  of  before,  they  would  certainly  have  been 
quoted  as  illustrations  of  endosmosis. 

As  regards  experiments  on  the  passage  of  liquids  through 
membranes,  out  of  the  body,  those  made  by  the  Abbe 
NoUet,  in  1748  (probably  the  first  on  record),  are  most  strik- 
ing, when  brought  in  comparison  with  the  illustrative  experi- 
ments made  on  endosmosis  at  the  present  day. 

In  the  course  of  a  series  of  observations  on  the  causes  of 
the  ebullition  of  liquids,  Nollet  filled  a  vial  about  five  inches 
long  with  alcohol,  covered  it  tightly  with  a  moistened  blad- 
der, and  immersed  it  in  pure  water.  In  five  or  six  hours,  he 
found  that  the  water  had  passed  through  the  membrane  to 
the  alcohol,  and  the  bladder  had  become  convex.  It  first 
occurred  to  him  that  this  might  be  due  to  a  difference  in  the 
temperature  of  the  two  liquids ;  but  the  same  phenomenon 
was  presented  when  the  temperature  of  the  liquids  was  the 
same.  On  filling  the  vial  with  water  and  immersing  it  in 
alcohol,  the  action  was  reversed,  and  the  membrane  became 
concave.  By  a  series  of  ingeniously-contrived  experiments, 
he  also  ascertained  that  water  could  readily  be  forced  through 
a  membrane,  while  alcohol  passed  through  in  small  quantity 
and  only  under  great  pressure.' 

*  Magendie,  Memoire  9ur  le  MecanUme  de  f  Absorption  chez  let  Animauz  d 
Snng  rouge  et  chaud,  lu  d  PAcademie  des  Sciences  de  Parie^  octobre,  1820. — 
Journal  de  PhytiohgUj  Paris,  1821,  tome  i.,  p.  1  et  seq. 

'  Milne-Edwards,  Le^ns  sur  la  Physidogie^  Paris,  1859,  tome  v.,  p.  25;  and 
LoNGET,  TVaite  de  PhyHologie^  Paris,  1861,  tome  i.,  p.  881. 

'  NoLLET,  Pecherches  sizr  lee  Cattsee  du  Bouilhnnemeni  dee  Liquidee,-^ 
Mhnoiree  de  PAcademie  Pogcde,  Paris,  1748,  p.  101  ei  eeg. 
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From  tlie  begins ing  of  the  present  century,  up  to  1826, 
several  isolated  observations  were  made  on  tlie  passage  of 
lJ(|mds  tbrougli  membranes.  In  1803,  Parrot  noted  the 
passage  of  water  througb  the  membranes  of  an  egg  wijieJi 
had  no  calcareous  covering ; '  in  1816^  Porrett  noted  that  tlie 
galvanic  cnrrent  wm  capable  of  causing  water  to  pass  tlirongU 
an  animal  membrane ; '  and  finally,  in  iS23,  Fischer,  pro- 
fe^ov  at  EreslaUj  actually  constructed  an  endostnoniet^r,  and 
noted  the  elevation  of  the  liquid  in  the  tube  above  the  li^vel 
of  the  liquid  in  which  the  apparatus  was  placed.  The  experi- 
ments iif  Fisciier  were  more  completej  Rnd  [Uustrated  the 
laws  of  endo&moistis  more  fully,  than  is  generally  eappu^ed. 
Kot  only  did  he  construet  an  endosmometer,  closing  ihe 
lower  portion  of  his  apjmratns  with  an  animal  membrane, 
and  noting  the  passage  of  pure  water  through  the  membmnc 
to  a  saline  solution,  but  he  described  the  exosm^feia  of 
the  saline  solution,  and  observed  that  the  currents  continucnl 
until  both  liquids  became  uf  equal  density.  He  also  noted 
that  the  currents  were  active  in  proportion  to  t!te  tliiniiesi 
of  the  animal  membrane  used,* 

To  return  to  the  observations  of  Uutrochet,  it  ie  oniver^ 
sally  acknowledged  that  he  was  the  first  to  de.scribe  fully 
and  definitely  the  passage  of  liquids  through  animal  mem- 
branes, out  of  the  body ;  to  show  the  influence  of  diffemit 
liquids  used ;  to  measure  the  f>rce  of  the  different  currents; 
and,  finaUy,  to  give  to  these  actions  the  names  of  endosmosis 
and  exosmosis/    He  constructed  an  instnmient  kBown  tiA 

'  Farkot,  PMnomine  frappani  d^EfkdmMm  dm»  i*Or^mmium  axlwdk 

^  PoRB^,  Vurimtg  Qahanic  Mtf>erime>fi».—Amutli  nf  PhiiomjAjf^  LcmiliNi, 

'  FiiCUfcE,  l^fber  dk  Wt^rhfrddhtn^  tine*  M^^Pm  dar^  tin  mtdfr^a  ink?/ 
Mer  dU  Eigeuschafi  dcr  thvrit^hen  Mom  Fl&Jisiffk^tm  flureh  *kA  hindurtk  n* 
Jaaenj  mtd  sic  in  iini^m  F'Mlfn  aftfHA(?^iK— Gilujert's  Annatm  dwr  Phm*k^ 
hBlp^lg,  \%22,  Bd.  Ixiiu,  30t. 

mff^Ht  ft  Phffsioh^ique  dis  AnimavXf  Paris,,  1S37(  tomi!     p.  I  tl  §eq, 

n  It  crochet  ^iii  litmt  led  to  study  the  pbenoraeoA  of  cnduamoels  bj  oliserting 
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the  endosmometer ;  which  consists  simply  of  a  small  bell- 
glass,  the  lower  opening  of  which  is  closed  by  a  membrane, 
the  opening  above  being  connected  with  a  long  glass  tube 
by  which  the  force  with  which  liquids  pass  through  the 
membrane  can  be  measured.  The  bell-glass  is  generally  filled 
with  a  liquid  capable  of  attracting  a  current  of  water  from 
without,  and  is  immersed  in  pure  water,  so  that  the  membrane 
is  completely  covered.  Under  these  circumstances,  there  i« 
a  current  of  water  tlirough  the  membrane,  which  will  cause 
the  Uquid  to  mount  in  the  tube,  sometimes  to  the  height  of 
several  feet ;  but  at  the  same  time,  there  is  a  feebler  current 
from  the  interior  of  the  apparatus  to  the  water.  Dutrochet 
called  the  stronger,  the  endosmotic  current,  and  the  feebler, 
the  exosmotic  current.  This  nomenclature,  however,  is  not 
strictly  accurate ;  for  if  the  position  of  the  liquids  be  re- 
versed,  as  was  shown  in  the  old  experiments  of  Kollet,  the 
stronger  current  is  exosmotic  and  the  feebler  is  endosmotic. 
It  must  be  remembered,  therefore,  that  the  name  endosmosis 
is  always  to  be  undei'stood  as  applied  to  the  principal  cur- 
rent, while  the  term  exosmosis  is  applied  to  the  current  in 
the  opposite  direction.  Tliis  possible  inaccuracy  of  expres- 
sion has  led  to  the  adoption  by  Graham  and  others  of  the 
term  osmosis,  as  applied  generally  to  the  currents  which  take 
place  through  membranes  ;  *  but  the  terms  first  proi>osed  by 
Dutrochet  are  most  commonly  used. 

The  phenomena  of  endosmosis,  which,  since  the  publica- 
tion of  the  researches  of  Dutrochet,  have  been  so  closely 
studied  by  physicists,  are  chiefly  interesting  to  the  j)hysiolo- 
gist  in  their  application  to  absorption.  While  it  is  perhaps 
tme  that  all  the  phenomena  of  physiological  ab^^orption 

that  litUe  organic  vesicles,  when  immersed  in  water,  discharged  a  portion  of  their 
contents  through  their  investing  membranes.  This  fact  he  communicated  to  the 
Philomathic  Society  of  Paris,  in  1809  (op.  cit.^  p.  5),  but  as  we  have  already  seen, 
essentially  the  same  phenomenon  was  obser\-ed  in  an  egg  by  Parrot,  in  1802. 

*  Graham,  On  Otmotie  Force. — PkUosophicnl  Transaction^  London,  1864,  p. 
177  et  Hq. ;  and  ElemenU  of  Inorganic  Chnnittry,  Philadelphia,  1858,  p.  746. 
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cannot  m  yet  be  explainod  upon  purely  pliysical  prindplei, 
it  IS  nevertheless  important  to  asceitain  how  far  physical 
laws  are  involved  in  this  prticess.  With  this  end  in  view, 
we  shall  &tutly  the  physical  phenomena  of  eiidmxnmiB^  chiefly 
with  reference  to  their  physiohigical  applicaticms* 

It  is  iio%v  definitely  ascertained  that  the  fullowiiig  condi- 
fions  are  necessary  for  the  operation  of  endmrnosis  and  exos- 
mosts ; 

1.  That  both  liquids  l)e  capable  of  wetting the  inter- 
posed membrane,  or,  in  other  words,  that  the  membrane  be 
capable  of  imbibing  both  liquids.  If  but  one  of  the  liqaids^ 
ean  ^ret  the  iiicmbrane,  the  current  can  take  place  in  only 
one  direction, 

2.  That  the  liquids  be  miscthle  irith  each  otlier^  and  he 
differently  constituted,  Thongh  it  is  found  that  tlie  currents 
are  most  active  when  the  liquids  are  of  different  densities^  this 
condition  is  not  indispentsable ;  for  currents  will  take  pbee 
between  solutions  of  different  substance,  such  as  salt,  ittgai% 
or  albumen,  though  they  may  have  precisely  the  same  den- 
Bity. 

TJie  pliysiological  applications  of  the  laws  of  endosmosis 
can  now  be  mora  fully  appreciated,  as  it  is  evident  that  the 
above  conditions  are  fulfilled  whenever  absorption  take?^ 
place ;  with  the  single  exception  of  the  absorption  of  fat^, 
which  has  been  specially  considered.  For  eatample,  all  sab- 
stances  are  dissolved  or  liquefied  bef^>re  they  are  absorbed, 
and  in  tlus  condition  are  capable  of  wetting  the  walln  of  the 
blood-veasels ;  and  all  the  liquids  absorbed  are  eapalile  of 
mixing  with  the  plasma  of  the  blood. 

What  makes  this  application  still  more  complete  is  the 
behavior  of  albumen  in  endosmotic  experiments*  In  phy^ 
jological  absorption,  there  is  always  an  immense  predomi- 
nance of  the  endosmotic  current,  and  there  is  verj*  little, 
if  any,  transsudation,  or  exosmosis,  of  the  albuminoid  eon- 
etitiients  of  the  blood.  On  the  other  hand,  there  ie  a  con- 
stant absorption  of  albnminose,  which  is  destined  to  be 
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converted  into  the  albuminoid  matters  of  the  blood.  Miahlc, 
in  comparing  the  endosmotie  properties  of  albumen  and  albu- 
minose,  has  given  an  explanation  of  these  remarkable  phe- 
nomena. 

Eecognizing  the  fact,  which  was,  indeed,  pointed  out 
clearly  by  Dutrochet,  that  al1)umen  is  capable  of  inducing  a 
more  powerful  endosmotie  current  than  almost  any  other 
liquid,  he  has  shown  that  it  never  itself  passes  through  mem- 
branes in  the  exosmotic  current ;  but  that  albuminoids,  after 
transformation  by  digestion  into  albuminose,  or  albumen 
mixed  with  gastric  juice,  pass  through  animal  membranes 
with  great  facility.  The  experiments  by  which  these  facts 
are  demonstrated  are  very  conchisive,  and  are  of  the  highest 
physiological  importance.  On  removing  part  of  the  shell  of 
an  ^g,  so  as  to  expose  its  membranes,  and  immersing  it  in 
pure  water,  the  passage  of  water  into  the  egg  was  rendered 
evident  by  the  projection  of  the  distended  membranes ;  but 
although  the  surrounding  liquid  had  become  alkaline,  and 
the  appropriate  tests  revealed  the  presence  of  some  of  the  in- 
organic constituents  of  the  egg,  the  presence  of  albumen 
could  never  be  detected.*  When  the  contents  of  the  egg 
were  replaced  by  the  serum  of  the  blood,  the  same  result  fol- 
lowed. "  After  six  or  eight  hours  of  immersion,  the  serum 
had  yielded  to  the  water  in  the  vessel  all  its  saline  elements, 
chlorides,  sulphates,  phosphates,  which  were  easily  recog- 
nized by  their  peculiar  reactions,  but  not  an  atom  of  al- 
bumen." ' 

'  HiALHE,  Chimie  appliquee  d  la  Phynologie  et  d  la  Therapcuiiquef  Parii, 
1856,  p.  141. 

«  Loe,  eU.,  p.  142. 

The  abOTe  experiment  possesses  additional  interest^  as  it  illustrates  an  impoi- 
tant  principle  advanced  by  Graham^  called  dialysis.  This  is  dependent  simply 
upon  the  fact  that  various  membranes  and  some  porous  septa,  when  used  in  an 
apparatus  like  an  endosmometer,  will  allow  only  crystalloid bodies  to  pai^s 
through ;  while  the  organic  substances,  called  by  Graham  "colloids,"  arc  retained. 
For  example,  if  a  fluid  containing  an  inorganic  substance,  such  as  a  salt  of  arsenic, 
mixed  with  organic  matter,  be  pUced  in  the  interior  of  such  an  apparatus,  and 
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Influence  of  Kembranes  upon  Omotie  CktrrmU, 

Tlio  force  with  T\'bicli  liquids  pass  througli  meuiLranea^ 
called  eixdosimotic  or  osmotic  Ibree,  is  to  a  great  degree  de- 
pendent  upon  the  influence  of  the  memhranee  themselrce. 
This  influence  is  always  pnrelj  physicalj  in  experiraenta 
made  ont  of  the  body  ;  and  physiological  absorption  can  be 
explained,  to  a  certain  extent,  by  the  same  laws.  It  iiitiat  he 
rememberedj  however,  that  the  properties  of  organic  struo 
hires,  whiijh  are  manifested  only  in  living  bodies,  are  capable 
of  modifying  these  physical  phenomena  to  a  remarkable  de- 
gree. For  examplcj  all  li\dng  tis^sues  are  capable  of  selecting 
and  appropriatmg  from  the  nntritive  fluids  the  matcriak  ne- 
ctary for  their  regeneration ;  and  the  secreting  structuree  of 
glands  also  select  from  the  blood  certain  principles  which  are 
used  In  the  formation  of  their  secretions.  At  the  present  day 
these  phenomena,  and  their  modifications  through  the  ner- 
vous system,  cannot  be  fully  exj>lained.  This  u  true,  also, 
of  many  of  the  phenomena  of  absorption  and  their  modifica- 
tions, which  are  probably  dependent  upon  the  same  kind  of 
action.  In  view  of  these  undoubted  Jkcts,  the  iDflnenee  of 
the  structures  through  which  liquids  i>ass  in  physiological  ab- 
sorption may  be  divided ;  fii"st,  into  physical  influencee,  which 
may  be  illustrated  by  endosmotic  experimeuts  with  organic 
membranes  out  of  the  body;  and  second,  modifications  of 
these  phenomeua,  which  are  presented  only  in  the  livii 
organism. 

One  of  the  earUest  theories  wliich  was  offered  in  exph 
nation  of  the  passage  of  liquids  through  membranes,  mak: 
it  dependent  entirely  upon  the  laws  of  capillary  attraction 
and  of  the  diffusion  of  liquids ;  and  to  appreciate  fully  the 
views  of  those  who  adopt  this  purely  phydcal  tlieory,  it  will 


the  whole  be  itriincrtiod  in  pure  w&t«r,  hi  the  coarse  of  ilnml  lireat;4bur  iio'iii*^ 
one-half  or  thmvfourths  of  tbe  crjstaUoid  nj utters  will  b«  found  in  tbe  ffarromid^ 
Spg  liquid,  entirely  Sc'immted  from  the  coUutd  mAtters,  Xtk  ii|»pir»lil4  of  this 
kiod,  ('lulled  »  diatTSirri  ha^  been  found  very  useful  in  ceitaiu  inorg&tuc  Ani^m 
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be  necessary  to  pass  in  review  the  laws  which  regulate  these 
phenomena.  This  is  all  the  more  necessary,  as  in  most  works 
upon  physics,  the  physiological  application  of  these  laws  are 
not  fully  appreciated ;  while,  on  the  other  hand,  physiol- 
ogists are  too  apt  to  neglect  physical  explanations  of  the  so- 
called  vital  phenomena. 

Capillary  attraction  is  dependent  upon  an  adhesive  force 
or  attraction  between  certain  surfaces  and  certain  liquids.  A 
liquid,  in  order  to  be  subject  to  this  force,  must  be  capable 
of  wetting  tJie  surface  to  which  it  is  exposed.  This  is  illus- 
trated by  the  well-known  attraction  between  water  and 
glass.  K  a  drop  of  water  be  placed  upon  a  clean  glass  plate, 
it  becomes  flattened  and  adheres  to  the  surface ;  and  when 
the  plate  is  inclined,  runs  to  the  edge,  leaving  a  wet  line,  and 
does  not  fall  to  the  ground,  but  adheres  to  the  plate  and  is 
sustained  against  the  force  of  gravity.  If  the  plate  be  care- 
fully covered  with  grease,  the  drop  of  water  will  not  adhere 
to  the  surface,  and  is  more  nearly  spherical ;  and  when  the 
plate  is  inclined,  it  roUs  to  the  edge  and  falls  to  the  ground.' 
This  is  explained  by  the  fact  that  water  is  not  capable  of 
wetting  a  greased  surface.  If  a  globule  of  mercury  be  placed 
upon  the  glass  plate,  instead  of  water,  it  moves  about  freely, 
and  falls  to  the  ground,  because  no  attraction  exists  between 
it  and  the  surface. 

If  the  experiment  be  now  modified  by  partly  immersing 
a  clean  glass  plate  in  a  vessel  of  water,  another  set  of  phenom- 
ena is  presented.  At  the  point  where  the  glass  is  in  contact 
with  the  surface  of  the  liquid,  a  slight  elevation  of  water  along 
the  sides  of  the  glass  will  be  observed,  which  is  in  opposition 
to  both  the  force  of  gravitation  and  the  cohesive  molecular 
attraction  between  the  particles  of  the  liquid.  No  argument 
is  necessary  to  show  that,  within  certain  limits  imposed  by 
the  law  of  gravitation,  the  ascent  of  liquids  thus  attracted  by 
the  surfaces  of  solids  will  bear  a  direct  ratio  to  the  predomi- 
nance of  the  adhesive  attraction  between  the  surface  and  the 
liquid  over  the  cohesive  attraction  between  the  molecules  of 
63 


Ii]^uid.    The  ©levstion  of  tbe  Hiimd  can  therefore  be  in- 
)(l  hr  ilmiixibbing  the  amount  of  liquid  and  incres^ 
If^       exteut  of  tbe  attTaeting  surface.    This  k  illustrated 
^  irfi>a  of  the  last  eaqjeriinent.    If  the$ur£ice  of 
;  the  plate  of  glass  be  carefully  examined,  it 
wiU  be  found  to  present  a  corre.  which  extends  from  the 
'lit  to  which  the  liquid  ha*  ascended  on  the  gla;^ 
.      ml  level-    If  we  now  div  ide  the  liquid  into  im- 
ngiruurv  parallel  ^rata  of  infinite  thinness^  it  is  evident  tKal 
'    '     r  of  liqtjid  ne^rt  the  glag^  is  most  powerfully  attraetal 
mounted  highest ;  that  the  second  ^traruni,  being 
n&tiMiv^i^l  trvm  the  surface,  is  less  powerfully  attraeted,  and  m 
tudMiimd  to  a  greater  degree  by  the  <x>hesiTe  attraetian  be- 
tween Am  molecules  of  the  liquid ;  and  that,  as  we  reeede  ^ 
from  the  glass  surfaeej  the  attractire  force  is  progt^ively 
ditnini^iefl  and  the  eohedve  force  pnigres&ively  increased, 
until,  when  the  general  level  of  the  liquid  is  miehe^i^  the  at- 
tractiTe  force  is  losL    Suppose  now  that  a  second  plate  of 
^lasa  be  placed  parallel  to  the  first,  tlie  liquid  between  the 
tw^  plates  wUI  be  subjected  to  double  the  aniount  of  attrac- 
tiOQ,  and  will  form  a  coneave  surface^  the  lowest  {»o!nt  being 
e^uidfetant  bet^vcen  the  two  platen.   The  nearer  these  two 
ylaleft  are  brought  together,  the  snialler  will  be  the  quantity 
of  liqaid,  and  the  moleenlar  attractton  between  its  partidoi 
will  nee^sarilj  be  proportionately  diminiahed.    This  may 
ba  fibown  bjr  appro^dmating  the  gliOMB  at  one  end,  and 
pgngresOTdy  iiiereasing  the  distance  between  them  to  the 
other.  The  liquid  will  then  form  a  enrre  between  the  plat^ 
tlie  highdst  point  being  where  they  are  mo^  closely  appro^- 
ioiated. 

If  tnbee  be  used  instead  of  platen  of  glaiB,  the  foregoing 
&cli  are  imre  strikingly  illustrated.  The  nearer  the  internal 
anj&ees  of  the  Inbe  are  bron^t  togeilier,  or,  in  other  words, 
the  gmaUer  the  caliber  of  the  tube,  tbe  greater  will  be  the 
eteratbti  of  liquid  in  its  interior.  It  i&  because  liqntda  ars 
ob^rred,  in  accordance  with  llii«  liiw,  to  mount  h^estia 
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tubes  of  capillary  diameter,  that  this  force  has  been  called 
capillary  attraction. 

There  is  no  essential  difference  between  the  phenomena 
of  imbibition  by  porous  substances  and  the  elevation  of 
liquids  in  capillary  tubes.  In  both,  it  is  necessary  that  the 
liquid  should  be  capable  of  wetting  the  surfaces  to  which  it 
is  exposed.  The  imbibition  of  water  by  a  sponge  is  depend- 
ent upon*  capillary  attraction.  'If  the  liquid  thus  taken  up 
remain  and  fill  the  interstices,  no  current  takes  place ;  but 
if  it  be  constantly  removed  by  evaporation,  or  otherwise, 
a  constant  flow  is  produced.  It  is  in  this  way  that  an 
alcohol-lamp  is  emptied  of  fluid,  which  is  taken  up  by  the 
wick  and  lost  by  evaporation.  This  single  current  is  pro^ 
duced  by  the  diffusion  of  the  liquid  in  the  atmosphere  in  the 
form  of  vapor ;  but  if  an  apparatus  be  constructed  in  which 
the  liquid  absorbed  is  gi'adually  diffused  in  another  liquid, 
the  result  will  be  the  same.  Suppose,  for  example,  that  an 
endosmometer  be  constructed  in  which  the  septum  consists  of 
a  porous  substance,  such  as  unglazed  earthenware.  Let  this 
apparatus  be  so  filled  with  a  saline  solution,  and  the  septum 
immersed  in  pure  water.  The  porous  septum  will  then 
gradually  take  up  the  water  and  bring  it  in  contact  with  the 
saline  solution ;  when,  in  obedience  to  the  law  of  diffusion 
of  liquids,  the  water  passes  in  a  diffusive  current  to  the  saline 
solution,  and  a  steady  current  will  be  established  through 
the  septum.  As  diffusion  can  only  take  place  between  liquids 
which  are  miscible  with  each  other,  this  condition  is  indis- 
pensable to  the  production  of  a  current.  If  we  now  suppose 
that  both  liquids  are  capable  of  wetting  the  septum,  in  such 
an  apparatus  as  we  have  described,  they  will  meet  in  the 
substance  of  the  septum.  Once  in  contact  with  each  other, 
whether  within  or  without  the  septum,  the  liquids  will 
diffuse  ;  the  water  flowing  toward  the  saline  solution,  which 
in  its  turn  flows  toward  the  water.  In  this  way,  two  currents 
are  produced.  It  has  been  found  in  experiments  of  this  kind 
that  the  two  currents  are  generally  unequal,  the  more  power- 
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ful  corresponding  to  tlie  endosmotic^  and  the  teebler  to  tJi© 
cxosmotic  current.  This  ineqnality  in  tlie  currents  explain- 
ed by  the  fact  that  porouti  substances  imbibe  ditierent  Hqiuds 
with  diflerent  degrees  of  activity ;  *  so  that  the  septiini 
always  contains  a  greater  quantity  of  one  of  the  liquids 
It  is  the  liquid  thus  introduced  in  greater  quantity  in 
which  the  more  powerful  current  is  developed  In  this  ease^ 
akoj  the  difference  in  the  diflusibility  of  the  liquids  has 
an  iuipurtant  influence ;  but  these  phenomena  will  be  more 
iully  considered  when  we  come  to  treat  of  the  inflneuee  of 
different  liquids  upon  endosmosii5. 

Numerous  experiments  have  demonstrated  that  both  the 
endosniotic  and  the  exosmotjc  current  may  be  pi-odnced  by 
using  a  porous  instead  of  a  inenibranous  septunij  though 
they  are  always  more  feeble/  The  phenomena  thus  pre- 
sented are  to  l>e  explained  entirely  by  the  laws  of  capil- 
lary attraction  and  of  the  diffusion  of  liquids*  Thes^e  lawa 
would  enter  largely  into  the  explanation  of  the  passage  of 
Hquids  through  aninud  mend>ranee^  if  it  could  be  deiuon- 
gtratedj  or  even  rendered  probable,  that  these  membran**^ 
are  poronsj  or  are  pro\^ded  wdth  capillary  openings*  It  will 
be  necessary,  however,  to  study  this  queMion  very  carefully, 

'  Thi»  fftct  k  itiiidagL)-  aiufttmted  in  mme  of  the  expedmeute  of  MAtUfui^ci 
on  the  tmbibltioD  of  dii'erciit  soluUori^  by  tDh«^  filk^i  w\ih  fine  sftud  {L$fm*  rur 
Ffihi€tminga  rhifitiqwM  de$  Corpt  VharU*^  Paris,  1847,  p.  21), 
*  I)UTB0€HKT,  IM  PMichtmQte. — Mhnmrt*  /wwr  4frt'ir  d  tIfiMtoirt  An>ai*>* 
miqii€  tt  Bh^^ioii^giqm  d»  V^Maut  H  den  Amm<tux,  Puria^  tomy  i.,  jip. 

Dutnwbet  made  a  number  of  eipafiaii^iita  with  diflerent  porous  scptiL.  He 
found  it  ttu possible  to  produce  i3ndo9mo8t3  throu|^  tbia  a^tiotis  of  BiU)d»lone 
or  of  imperfectly  baked  pomlitln ;  but  with  a  septum  of  potter's  cXnj,  ou«- 
ivFiL'tiij'lirtb  of  flu  itich  thick^  there  was  a  tolerably  cnei^etic  tndoauaotic  current- 
The  t*mi&  reauii  followed  when  the  septum  vra&  irom  one-lwelfth  to  one-fifth  of 
an  inch  thick  ;  but  in  septa  of  greater  tUk'knesis  than  tlil^,  (he  ctjrretili  men 
very  feeble.  These  eiporimentfl  were  rcjK'ated  by  Gr^bani  mlth  move  Mti«f»<y 
tory  results.  By  employing  d  porous  j^r,  such  &»  Ia  used  m  Grove'*  b«ttery, 
vigorous  eiidosuioLic  und  csoflmotic  ciirrenti  were  produced,*— {Oh  OtmoHe  /am 
— I^ilointphii'al  TmmaciimxM^  London,  1854|  ISO-) 
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and  examine  all  the  properties  of  animal  membranes,  both 
within  and  without  the  living  organism. 

In  the  first  place,  is  there  any  proof  that  all  membranes 
which  will  admit  the  passage  of  liquids  are  porous  ?  This 
is  a  most  important  question ;  and  it  lies  at  the  foundation  of 
the  explanation  of  the  phenomena  of  endosmosis  by  the  laws 
of  capillary  attraction. 

In  all  membranes  which  possess  an  anatomical  structure 
discoverable  by  the  microscope,  there  are  undoubtedly  inter- 
stices between  the  fibres,  cells,  etc.,  of  which  the  tissue  is 
composed ;  but  on  the  other  hand,  animal  membranes  gen- 
erally have  a  layer,  like  the  basement-membranes  of  mucous 
tissues,  which  is  absolutely  homogeneous  and  structureless. 
In  applying  the  laws  of  endosmosis  to  physiological  absorp- 
tion, it  is  found  that  the  membranes  which  are  most  easily 
penetrated  by  fluids  are  excessively  thin  and  perfectly  homo- 
geneous. Take,  for  example,  the  walls  of  the  capillary  blood- 
vessels, through  which  the  greatest  part  of  the  physiological 
absorption  takes  place ;  this  membrane  is  from  sji^^  to  y^io 7 
of  an  inch  thick,  and  is  apparently  amorphous,  with  the 
exception  of  the  lining  epithelium  with  its  nuclei.  The 
assumption  that  invisible  capillary  orifices  exist  in  these 
thin,  amorphous  membranes  is  piirely  hypothetical,  and  is 
unwarrantable.* 

It  is  manifestly  unphilosophical  and  absurd  to  ofi'er,  as 
an  explanation  of  endosmosis  through  structureless  mem- 
branes, an  hypothesis  which  lias  its  only  support  in  the  exist- 
ence of  the  phenomenon  which  it  is  intended  to  explain.  This 
mode  of  reasoning  is  all  the  more  unsound,  as  the  phenom- 
ena of  endosmosis  are  very  far  from  being  completely  under- 
stood ;  and  many  important  properties  of  organic  structures, 
which  bear  directly  upon  the  question  under  consideration, 
are  ignored.  For  example,  physiological  absorption  does  not 
always  take  place  in  accordance  with  known  physical  laws. 

*  We  do  not  include  in  this  statement  the  so-called  stomata  of  the  vessels. 
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It  undergoes  modifications  which  can  at  present  only  be 
explained  on  the  supposition  that  the  liquids  become,  for 
the  time,  part  of  the  living  organic  structures  and  partake 
of  their  peculiar  properties ;  one  of  them,  the  property 
by  virtue  of  which  they  appropriate  both  the  organic  and 
the  inorganic  principles  necessary  to  their  proper  cpnsti- 
tution  and  regeneration,  is  called  by  some,  vital ;  a  word 
which  simply  expresses  ignorance  of  its  essential  character. 
It  must  be  understood,  however,  that  this  remark  does  not 
apply  to  the  general  phenomena  of  endosmosis  or  absorp- 
tion, but  only  to  certain  of  its  unexplained  modifications. 

A  most  important  property  of  organic  tissues,  which  is 
ignored  by  those  who  explain  absorption  on  the  principle  of 
capillary  attraction,  is  that  of  hygrometricity.  All  the  or- 
ganic nitrogenized  proximate  principles  are  capable  of  losing 
their  water  of  composition  by  desiccation  and  of  regaining  it 
by  imbibition.  The.  water  which  enters  into  their  composi- 
tion is  not  necessarily  contained  in  interstices  in  the  tissue, 
but,  in  the  case  of  structureless  parts  especially,  is  uniform- 
ly disseminated,  or  we  may  term  it  diffused,  throughout 
the  organic  substance,  of  which  it  forms  a  constituent  part 
This  action  of  certain  liquids  upon  the  organic  semisolids  is 
something  like  the  diffusion  of  liquids ;  the  difference  being 
that  it  is  the  liquid  only  which  is  diffused  in  the  semisolid, 
the  semisolid  being  incapable  of  diffusing  in  the  liquid.'  As 
it  has  been  found  that  all  liquids  are  not  equally  subject  to 
capillary  attraction,  so  animal  tissues  imbibe  different  liquids 
with  different  d^rees  of  activity ;  *  a  fact  which  will  ac- 
count in  a  measure  for  the  variations  in  the  endosmotic 
currents  with  different  solutions. 

Examples  are  not  wanting  of  endosmosis  by  imbibition 
or  diffusion,  when  it  cannot  be  assumed  that  there  is  any 

'  The  liquid  organic  principles,  such  as  albumen  and  caseine,  are  cajMble  of 
diffusing  with  other  liquids,  but  the  cohesion  of  membranes  is  too  powerfiil  to 
allow  of  |lus  reciprocal  action. 

'  See  pige  470. 
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Buch  thing  as  porosity  in  the  septum.  The  following  exper- 
iment of  Lhermite  fully  illustrates  this  point.  A  tube  was 
partly  filled  with  a  column  of  chloroform ;  and  upon  this  was 
poured  a  layer  of  water,  and  above  it  a  layer  of  ether.  The 
ether  gradually  penetrated  the  layer  of  water  and  passed  to 
the  chloroform,  mingling  with  it.  After  a  certain  time,  all 
the  ether  had  thus  been  diffused  in  the  chloroform,  and  the 
layer  of  water  retained  its  original  volume.*  We  have  re- 
peated this  experiment  with  some  slight  modifications,  using 
first  a  layer  of  sulphuric  acid,  tlien  a  layer  of  water,  and 
finally  a  solution  of  blue  litmus  in  alcohol ;  and  in  a  very 
short  time  the  acid  penetrated  the  water  and  reddened  the 
litmus  above.  A  liquid  septum  is  certainly  not  porous,  in 
any  sense  of  the  word ;  and  the  explanation  of  the  phenome- 
non of  endosmosis  through  liquids  depends  simply  upon  the 
law  of  diffusion  of  liquids,  the  molecules  of  the  liquids  being 
held  together  so  feebly  that  they  will  admit  the  molecules  of 
other  liquids  with  which  they  are  capable  of  mixing. 

With  regard  to  the  passage  of  liquids  through  different 
septa,  the  following  seem  to  be  the  facts  which  can  be  con- 
sidered as  definitely  settled : 

The  cohesive  attraction  of  the  constituent  particles  of  in- 
,  soluble  solids  is  so  great,  that  the  entrance  of  fluids  is  impossi- 
ble, unless  the  substance  be  porous ;  and  this  always  involves 
the  law  of  capillary  attraction  ;  but  in  liquids,  the  cohesive 
attraction  is  so  slight  as  to  admit  of  the  penetration  and  dif- 
iiision  of  certain  other  liquids. 

Homogeneous  animal  membranes,  which  are  of  a  semi- 
solid consistence,  are  capable  of  imbibing  certain  liquids ; 
and  any  liquid  which  can  pass  into  such  membranes,  under 
proper  conditions,  will  pass  through  them.  The  cohesive 
attraction  of  the  particles  of  the  membrane  is  not  such  as  to 
allow  them  to  imbibe  an  indefinite  quantity  of  any  liquid  ; 
but  it  is  one  of  the  distinctive  properties  of  organic  tissues 

'  Lhermitr,  Reckerches  sur  VEndotmoK. — Comptes  Rendm^  Paris,  1854,  tome 
ixxix.,  p.  1179. 
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that  a  limited  quantity  of  liquid  caa  be  taken  up  in  tiui 
way. 

In  Tiew  of  tiiese  fact^  it  is  not  neeaaeary  to  assome  the  ex- 
ktence  of  infinitely-emall  eapillaiy  openings  in  bomc^neotid 
membrattes  through  which  osmotic  curretitg  can  be  made 
take  place,  in  order  to  explain  the  mechanism  of  th^se  oa^ 
rentii*    In  the  case  of  two  liquids  capable  of  ilift using  irith 
each  other  and  eeparated  by  an  animal  membrane^  tlie  nieich- 
anism  of  the  endosmotic  and  exosmotic  cuiTcntd  is  verv 
simple.    In  the  fir^t  place,  the  membrane  imbibes  both  the 
liquids,  but  one  m  always  taken  up  in  greater  (^uiintiry 
than  the  othen   If  water  and  a  solution  of  coininon  salt 
employed,  the  surface  of  the  membrane  expo^d  to  the 
will  imbibe  more  than  the  surface  exp<Bed  to  the  saline  »c4u- 
tion  ;  but  both  liquids  will  meet  in  its  substance.    The  first  i 
step,  therefore  J  in  the  production  of  the  currents  u  imbibi-* 
tion.    Once  in  contact  with  each  other,  the  liquids  diffu^ ; 
the  water  passing  to  the  saline  solution,  and  vks  ver 
This  takes  place  by  precisely  the  same  mechanism  which  1 
been  described  in  connection  with  the  passage  of  liquid 
tlirougli  porous  septa. 

In  the  observations  of  Porrett/  it  was  observed  tliat  1 
galyanic  current  was  capable  of  causing  watar  to 
through  aninial  membranes*    Carrying  out  this  idea,  Dat 
chet  first  sujiposed  that  the  attractive  force  which  oper 
in  endosmosis  was  due  to  electrical  action ;  but  this  view  be 
subsequently  abandoned,'    This  theory  was  aOerwiwd  td^i 
vanced  by  Draper/  who  noted  the  fact  that  a  drop  of  water] 
placed  upon  the  surface  of  mercury  could  be  made  to  spr 
out  into  a  thiu  film  ajid  wet  the  mercury,  by  cot  meeting  tlie 
globule  with  tlie  positive  pole  uf  a  galvanic  V>attcry  and 


*  PoftAETT^  VuHom  Qaltank  E^psruneniM.-^Annah  cf  Ph^amphf^  Loodc 

181«,  vol,  ria,  p.  74. 

*  Op,  eil.^  p.  70. 

'Dn^rtJi,  On  the  M^taNtcal  J^ineikiTiM  of  Armltr  ItKmet,~Am£riaam  lAw^^ 
imt  of  fht  Mtdir^l  Sem^^  August^  1@SS^  p.  308« 
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the  mercury  with  the  negative  pole.  This  experiment  sim- 
ply illustrates  the  fact  that  attractive  force  can  be  generated 
by  galvanic  action.  It  is  well  known  that  endosmosis  can 
be  greatly  modified  by  galvanism,  but  the  supposition  that 
capillary  attraction  is  an  electric  phenomenon  is  purely  hy- 
pothetical and  is  entertained  by  few  physicists.  The  numer- 
ous publications  by  different  experimenters,  which  immedi- 
ately followed  the  publication  of  the  observations  of  Dutro- 
chet,*  many  of  them  in  this  country,  did  little  more  than 
confirm  the  facts  demonstrated  by  Dutrochet,  differing  only 
on  theoretical  points.  A  consideration  of  these,  however, 
belongs  more  to  physics  than  to  physiology. 

It  was  first  supposed  by  Dutrochet  that  the  endosmotic 
current  always  took  place  from  the  rarer  to  the  denser  li- 
quid ;  and  it  was  found,  in  using  different  saline  solutions, 
that  within  certain  limits,  the  activity  of  the  current  was 
in  proportion  to  the  density  of  the  solution  in  the  endos- 
mometer.  But  this  error  was  soon  corrected  by  more  ex- 
tended experiments,  in  which  endosmotic  currents  fi^equently 
took  place  from  the  denser  to  the  rarer  liquids,  as  is  the  case 
with  water  and  alcohol,  and  with  alcohol  and  ether.'  It  is 
now  fully  recognized  that  the  osmotic  currents  are  not  ne- 
cessarily dependent  upon  the  different  densities  of  the  liquids, 
but  are  due  chiefly  to  their  different  affinities  for  the  in- 
tervening membrane. 

The  osmotic  currents  may  be  modified  with  the  same  li- 

'  ToNOO,  Eiperimenia  to  prove  the  ExUtence  of  a  peculiar  Physico-organic  Ae- 
Hon^  inherent  in  Animal  Tissues,  called  Endomwse  and  Exosmosf. — American 
Journal  of  the  Medical  Sciences,  May,  1829,  p.  73. 

 Jackson,  On  Absorption^  Ibid.,  Feb.,  1830,  p.  277. 

 MiTCHSLL,  On  the  Penetrativeness  of  Fluids,  Ibid.,  Nov.,  1830,  p.  36. 

Valk,  Microscopical  Observations  on  Portions  of  Animal  Tissue,  icith  addi- 
tional Experiments  on  Endosmose  and  Exosmose,  Ibid.,  Feb.,  1831,  p.  405. 
— — Drapsb,  Experiments  on  Absorption,  Ibid.,  May,  1836,  p.  13.  On  the  Phi/s- 
teal  Action  of  the  Capillary  Systems.  Ibid.,  Feb.,  1838,  p.  289 ;  and.  On  some  Ms- 
ehanical  Functions  of  Areolar  Tissues,  Ibid.,  May,  1838,  p.  23,  and  August, 
1838,  p.  302. 

•  DuTROCiiET,  op,  cit.,  p.  40. 


quids,  bj  using  diflerent  membranes.  This  fact  was  well  ilhia* 
trated  in  some  of  the  experinienta  of  Matteueci  and  Cima,  in 
which  eonaparativeobservatirms  were  made  upon  the  cnrrentfl 
through  tlie  of  tht*  torpedo,  the  skin  of  the  frog*  nuA  the 
fikin  of  the  eeh  The  resultg  obtained  with  tlie^e  different 
membranes  showed  marked  and  constant  variations.  The 
same  observers,  in  using  the  mucous  membrane  of  tlie  stom- 
ach of  the  lambj  found  a  marked  difference  in  tlie  endosmot- 
ic  phenomena  when  the  suifaee  exposed  to  the  water  was 
reversed.  In  two  experiments,  with  the  epitbelial  surftiee  of 
the  membrane  turned  toward  the  interior  of  the  endosmom- 
eter,  the  eleration  of  the  liquiM  in  an  hour  and  a  qnarter 
was  from  fortj-fom-  to  fiflj-six  millimeters;  but  with  the 
membrane  reversed j  so  that  the  attached  surface  was  turner] 
toward  the  interior^  the  elevations  during  the  same  period 
were  sixtj-six  and  seventj-two  millimeters,*  This  diifi^reiice 
is  readily  explained  by  the  difference  in  the  constitution  of 
the  two  surfaces  of  the  membrane  used. 

Prom  th(m  facts  it  is  evident  that  while  the  diffusion  of 
V  liquids  as  they  meet  in  the  substance  of  a  membrane  i&  the 
actual  cause  of  the  osmotic  curronts,  which  arc  continued  m 
the  liquids  diffuse  with  each  other  upon  either  side  of  the 
membrane  J  the  determination  of  a  predominating  or  endoa- 
motic  currentj  the  ordinary  conditions  being  undisturbed,  is 
effected  by  the  greater  attractire  force  which  the  merabraue 
exerts  upon  one  of  the  liquids, 

Infiumce      Different  Liquids  upon  Omiatic  Current* 

Tlie  action  of  tlie  liquids  between  which  endosmotic  cin^ 
rents  take  plac«  it ,  as  we  have  seen,  mo&t  intimately  con- 
nected mth  the  force  Ijy  which  the  liquids  enter  the  mem- 
brane, be  it  capillary  attraction  or  imliibition  ■  but  tlie  at- 
tractive  force  exerted  by  the  membrane  is  never  cajiable,  in 
itself,  of  producing  a  current.    It  is  evident,  therefore,  that 
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the  properties  of  the  liquids  must  have  an  important  in- 
fluence upon  osmose,  both  from  diflerences  in  the  attrac- 
tion of  the  membrane  for  the  liquids,  and  their  different 
degrees  of  diffusibility.  In  order  to  appreciate  fully  all  the 
physical  phenomena  of  osmose,  it  will  be  necessary  to  study 
carefully  the  laws  of  diffusion  of  liquids  and  the  diffusibility 
of  different  solutions ;  but  it  will  be  sufficient  for  our  present 
purpose  to  state  a  few  general  propositions,  which  will  be 
tbund  more  or  less  applicable  to  physiological  absorption. 

When  two  liquids,  capable  of  mixing  with  each  other, 
are  brought  together,  they  diffuse  with  greater  or  less  rapid- 
ity, until  the  constitution  of  the  mixture  becomes  uniform. 

Different  liquids  possess  widely  different  degrees  of  diffu- 
sibility ;  and  as  a  rule,  in  saline  solutions,  the  rate  of  dif- 
fusion increases  in  proportion  to  the  strength  of  the  solution, 
at  least  when  the  quantity  of  salt  dissolved  does  not  exceed 
four  or  five  per  cent.*  It  follows  from  this  that  the  activity 
of  the  endosmotic  current  toward  any  saline  solution  will  be 
greatest  at  the  beginning  of  the  experiment,  and  will  pro- 
gressively diminish  as  the  currents  continue  and  the  two 
liquids  assume  a  more  nearly  uniform  density. 

The  rate  of  diffusion  of  different  solutions  is  generally 
increased  by  a  moderate  elevation  of  temperature. 

Bearing  in  mind  these  general  laws,  and  remembering 
that  they  are  applicable  to  diffusion  as  it  takes  place  through 
animal  membranes,  we  can  easily  understand  how  different 
liquids  and  solutions,  in  an  endosmometer,  will  attract  with 
different  degrees  of  intensity  any  given  liquid,  such  as  pure 
water;  and  how  this  attractive  force,  which  is  measured  by 
the  rapidity  and  extent  of  the  riric  of  liquid  in  the  endosmom- 

'  Grabam,  EUmentt  of  Inoiyanic  Chtmitiry^  Philadelphia,  1858,  p.  743. 

The  diflusibilitj  of  different  acid  aod  faliue  solutions  has  been  very  fully  in- 
Testigated  bj  Graham,  who  has  derelopKl  many  interesting  facts  ehowing  the 
influence  of  different  liquids  upon  osmotic  phenomena.  For  further  information 
on  this  subject,  the  readier  is  referred  to  the  papers  publi:»hed  by  Graham  in  the 
PhUomtphieal  TranatuiumM,  in  1849,  1850,  and  1857 ;  and  to  the  chapter  on  Dif- 
fusion of  Liquids,**  in  the  Eler/ttnU  of  Inorganic  Ch^niatry^  by  the  same  author. 
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eter,  may  be  modified  by  the  eoncentmtioii  of  tlie  e<jlution, 
differences  in  temperature,  and  other  conditions.  The  in- 
fiuence  which  the  membrane  exerts  upon  the  rektive  inten- 
sity of  these  currents  k  dependent  to  a  certain  extent  upon 
the  diffuBion  which  takes^  place  when  the  two  liquids  come 
together  in  its  substance. 

As  a  rule  to  which  there  are  not  very  many  exeeptiou% 
pure  water  will  penetrate  aninaal  membmuee  more  readily 
than  any  other  liquid  ;  and  it  is  consequently  from  the  watjer 
to  the  liquid  contained  in  the  endosmonieter  that  the  principal 
current  generally  takes  place.  Liquids  like  alcohol,  saline  so- 
lutions^ etc.,  which  have  this  property,  are  said  to  be  positively 
osmotic  J  while  tliose  with  which  the  current  takes  place  in 
the  oppCH^ite  direction^  eucli  as  oxalic  acid,  weak  liydrochlorie 
acid,  bichloride  of  platinum  j  etc.,  ai^  Baid  to  be  negatively 
osmotic.  In  a  eeries  of  experiments  w  ith  different  Uqaid^ 
if  the  endosraometer  be  alwa}i  the  same,  aud  all  the  liquids 
used  be  exposed  to  the  action  of  pure  water,  in  a  given  time 
a  definite  change  in  the  quantity  of  fluid  in  tlie  endosmom- 
eter  will  be  produced,  wliich  will  be  indieiited  by  a  certain 
amount  of  elevation  or  depression  in  its  leveL 

Endomnotic  Er/uivuients. — The  term  endosmotic  equivar 
lent  is  often  used  in  comparing  the  endosmotie  power  of 
difierent  solutiouB.  The  degrees  by  which  these  equivalents 
are  represented  are  entirely  arbitrary^  and  are  intended  to 
repre^nt  the  force  with  which  various  solutions  attract  pnre 
water.  Among  those  who  have  experimented  upon  tins  sub- 
ject, Graham  has,  perhaps,  made  the  greatest  number  of  com- 
parative observations.  He  has  avoided  some  of  the  sonrces 
of  en'or  which  were  not  provided  against  by  Dutrochet^  and 
has  always  been  careful  to  operate  with  difierent  solutiona 
under  conditions  as  nearly  identical  as  possible.  We  can 
give  the  best  definition  of  endosmotie  eqniyalente  by  descrih- 
ing  in  detail  the  manner  in  w^hich  the  experiments  of  Gra- 
ham were  performed. 
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The  apparatus  used  wa^  an  endo&mometer,  made  on  the 
latne  principle  as  the  iiistnunent  eon^stmcted  by  Dutrochet, 
but  so  modified  as  to  obviate  certain  elements  of  inaccuracy 
in  comparative  experiments.  The  rei^ervoir^  or  Ijulb,  v\^m  three 
inches  in  diameter  at  the  loweet  portion,  to  which  the  mem- 
brane  was  applied,  and  its  capacity  was  five  or  six  ounees. 
To  this  was  attached  a  vertical  tube,  six  iiiclies  in  length, 
mih  a  caliber  of  about 
three-teutlis  of  an  inch, 
or  one-tenth  the  diameter 
of  the  bulb*  The  mem- 
brane used  vv  as  the  blad- 
der of  tlie  ox,  with  the 
muscular  coat  removed. 
Sometimes  the  membrane 
wjis  doubled.  To  avoid 
the  stretching  of  the  mem- 
brane by  pressure  of  li- 
qnid  in  the  tube,  it  was 
supported  by  a  slightly- 
concave  perforated  zinc 
plate,  carefully  varnished, 
to  prevent  it^  being  acted 
upon  by  the  solutions,  and 
resting  on  a  tripod*  Tliis 
apparatus  was  filled  with 
the  Bolution  up  to  a  point 
marked  zero  on  the  verti- 
cal tube,  and  then  i*kced 
in  a  jar  containing  about 
sixty  ounces  of  distilled 

water,  the  surtace  oi  wmcn  in»tip  «quiv-iWnti^  isitm^t*  /»H»r^aH<d 
was  carelnUy  brought  to 

the  level  of  the  liquid  in  the  tube,'    In  most  of  the  com- 

^  G&ABAM,  On  Omii^Hc  Fofrtt^^^Pkifotophiml  Trantadwn*,  London,  IS54, 


ISO. 


492 


ABSORPTION, 


parative  obserYatioiiSj  tbe  mme  membrane  was  used^  being 
soaked  for  a  niiniber  of  hours  in  distilled  water  before  eacli 
experiTiient.  The  tube  was  graduated  in  nullimetei^j  and  in 
eai'h  observation,  tbe  degrees  of  elevation  or  depression  were 
noted  hourly  for  five  hours.  When  the  principal  current  was 
from  the  exterior  to  the  interior,  the  li<]iiid  in  the  endrj!>- 
inomoter  was  said  to  be  positively  o&motic,  and  the  number 
of  degrees  of  ele%  ation  in  the  tube  after  immersion  for  five 
hours  was  taken  as  its  osmotic  equivalent.  When,  on  the 
other  handj  tliere  was  an  excess  in  the  difi'nsion  of  the  li- 
quidj  it  wa^^  &aid  to  be  negatively  Ofimotie^  and  tJie  numlier 
of  degrees  of  depr^ion  in  the  tube  after  immersion  for  five 
houi*s  wn^  taken  as  its  negative  osmotic  eqnivalent. 

With  this  apparatus,  Graham  determined  the  o&inotic 
equivalents  of  a  number  of  different  solutionsj  the  strengtii 
of  each  being  one  per  cent.  In  the  following  table  are  giviii 
a  few  of  these  results ; 

Osnum  of  one  jyer  cenL  Solutwns  in  Memirane^,^ 


Oswlic  add...   -  14S 

Hjdrocblonc  iicid  (O'l  per  ceat),  *  * *  t ...  ^  —  f% 

Bichloride  of  im  —  44 

Chloride  of  sodium   4-  S 

Chloride  of  potassium*  ,  4-  18 

Chlotitlit  of  ctLlcium  4-  20 

Sulphate  of  mugtiei^m  +  U 

ProtochloHde  of  iron   +  4Si 

Chloride  of  mercurj  , .  , . ,  4-  121 

Mercurie  nUrAte. ,  ,   ,   ,  ^  -i-  416 

Chloride  of  aluminhim..   , , ,  4-  MO 

Oirbouat«  of  potash   ^  4it 


Experiments  on  the  endosmotic  power  of  ditierent  liquicls 
have  been  very  numerous,  and  some  of  theni,  particidarlv 
those  referring  to  the  endosmotic  power  of  albumen,  poeeees 
considerable  ph^'siological  interact.  The  gi'eat  endoemotic 
power  of  albumen,  or  the  force  with  which  albumen  attrtudd 

Element*  of  Imrgatm  CktmUir^^  rhibdclpltia,  185^,  p,  i50. 
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liquids  and  causes  them  to  pass  through  membranes,  was 
early  pointed  out  by  Dutrochet ;  *  and  the  experiments  of 
Mialhe,  to  which  we  have  already  referred,  have  developed 
the  interesting  fact,  that  while  albumen  attracts  liquids 
powerfully,  it  is  not  exosmotic'  The  important  applica- 
tions of  this  fact  to  vascular  absorption  are  evident. 

Some  of  the  modifications  in  the  endosmotic  currents, 
due  apparently  to  very  slight  changes  in  the  constitution  of 
the  liquids,  show  an  influence  exerted  by  these  conditions 
which  undoubtedly  is  capable  of  important  applications  to 
physiological  absorption ;  but  unfortunately,  the  ascertained 
facts  bearing  upon  the  subject  are  few  and  imperfectly  un- 
derstood. Dutrochet  observed  that  the  presence  of  a  very 
small  quantity  of  hydrosulphuric  acid  in  a  solution  of  gum 
or  of  sugar  diminished  very  considerably  the  endosmotic 
action,  by  giving  rise  to  a  powerful  exosmotic  current  from 
the  acid  to  the  water.*  A  still  more  remarkable  fact  was 
observed  by  Poiseuille.  This  observer  filled  an  endosmom- 
eter  with  a  solution  of  chloride  of  potassium,  immersed 
it  in  serum,  and  noted  quite  a  rapid  elevation  of  the  liquid 
to  the  height  of  nine  millimeters;  but  on  substituting  for 
this  a  solution  of  the  same  density,  to  which  the  hydro- 
chlorate  of  morphia  had  been  added  in  the  proportion  of  a 
little  more  than  one  per  cent.,  the  liquid  rose  only  to  the 
height  of  six  millimeters,  and  there  then  followed  a  decided 
exosmotic  current.* 

As  we  have  seen  that  there  are  various  conditions  capable 
of  profoundly  modifying  physiological  absorption,  it  will  be 
interesting  and  useful  to  compare  them  with  the  physical 
and  other  conditions  which  influence  endosmosis.  In  this 
way  we  will  be  enabled  to  appreciate  more  fully  the  appli- 

*  Dutrochet,  De  VEndosmpse. — Mhnoires^  Paris,  1887,  p.  46. 

*  See  page  477. 

■  DUTROCHFT,  op.  «/.,  p.  64. 

*  Poiseuille,  Recherchea  Experimeniales  sur  !e8  MedkamenU, — CompUt 
Rernhu^  Paris,  1844,  tome  xix.,  p.  1000. 
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c^tiotiB  of  phyaical  laws  to  the  phenomena  of  sbsorpti 
it  occurs  in  the  living  bodj. 

Modijicati&ns  of  Endmmmis^ 

JHodiJimtwns  diie  to  the  Metmt  and  Thicknsm  of  the  Per- 
m^ahle  Meinhrane- — It  has  been  fonnd  in  endo&motic  eitpe  * 
meets,  tliat  tlie  activity  of  the  currents  is  in  proportion  to 
the  extent  of  the  endosmotic  surtkce  and  t]ie  thinness  of  the 
permoable  membrane*  In  phyeiologieal  absorption,  the 
most  favorable  eonditions  for  endosinusis  are  realised  in  the 
eapillarj  system  of  highly- vascular  parts*  The  extent  of 
absorbing  surface  is  here  enormous ;  and  the  walls  of  tlie 
vessels  are  exceedingly  delicate  and  permeable.  The  experl*^ 
mcntB  of  Magendie  and  others  on  vascular  absorption,  whic 
have  already  been  considered  in  detail,  demonstrate  the 
great  rapidity  with  which  soluble  substances  aro  absorbed 
from  the  lugliiy-vnscular  mucous  membrane  of  the  intestinal 
canal ;  and  the  experiments  upon  absorption  through  the 
walls  of  the  jugular  vein  show  how  much  more  slowly  thi* 
takes  place  when  the  membrane  is  thick,  and  the  surface 
com  pii  r a  t  i  vely  r estri  c  ted,  * 

Moilifi<'Mtion8  due  io  Premure  and  the  Density  of 
Lhjiiidsn — Tlie  force  of  the  endosniotic  current  is  Irequently 
so  great  as  to  overcome  a  very  considerable  pressure,  Thi* 
is  illustrated  in  all  experiments  in  which  the  liquid  in  an 
endosmometer  is  made  to  rise  in  a  long  tube.  If  a  closed 
membranous  sac  contauiing  a  highly  endosmotic  liquid  be 
immersed  in  water,  the  force  witli  which  the  liquid  pene- 
trates will  often  be  sufficient  to  rupture  the  membrane  it^lf; 
as  is  shown  when  an  egg,  with  a  part  of  its  shell  removed,  is 
placed  in  water.  This  forcible  character  of  the  eudosmoti 
current  early  attracted  the  atteiitioif  of  Dutrochet,  wh^ee 
experiments  on  this  point  were  very  interesting.  He  int 
dueed  into  the  reservoir  of  an  endosmometer  a  saccharine 

*  See  p(»g(?  473. 
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solution  of  1035  density,  charging  his  tube,  which  was  bent 
in  the  form  of  a  V,  with  a  column  of  mercury  one  inch  in 
height.  At  the  end  of  twenty-eight  hours,  the  ascent  of  the 
column  of  mercury  was  arrested  at  ten  inches  and  seven 
lines.  Using  a  saccharine  solution  of  1070  density,  and 
diarging  the  tube  with  ten  inches  of  mercury,  in  thirty-six 
hours,  the  elevation  of  the  mercury  had  become  aiTCsted  at 
twenty-two  inches  and  ten  lines.  In  a  third  experiment,  the 
density  of  the  saccharine  solution  was  1040,  and  the  tube  was 
charged  with  twenty-two  inches  of  mercury.  The  experi- 
ment lasted  for  three  days,  and  the  elevation  of  the  mercury 
was  forty-five  inches  and  nine  lines.  All  these  experiments 
were  made  at  the  same  temperature  (69®  Fahr.)* 

These  experiments,  which  have  frequently  been  repeat- 
ed in  a  more  or  less  modified  form,  illustrate  three  points : 
first,  the  great  force  of  the  endosmotic  current ;  second,  the 
fact  that  this  current  may  be  arrested  by  a  sufficient  amount 
of  pressure ;  for  in  the  second  experiment,  after  endosmosis 
had  ceased  and  the  mercury  had  been  elevated  nearly 
twenty-three  inches,  the  density  of  the  liquid  in  the  endos- 
mometer  had  been  reduced  from  1070  to  1053,  when,  with- 
out pressure,  the  current  would  undoubtedly  have  continued ; 
and  finally,  these  experiments  illustrate  the  fact  that,  within 
certain  limits,  the  force  of  the  endosmotic  current  is  in  pro- 
portion to  the  concentration  of  the  solution  in  the  endos- 
mometer. 

Even  in  the  large  arteries,  the  pressure  of  blood  seldom 
exceeds  six  inches  of  mercury,  and  it  is  much  reduced 
when  the  blood  passes  into  the  capacious  system  of  capillary 
vessels  and  thence  into  the  veins.  This  amount  of  pressure, 
then,  though  capable  of  exerting  a  marked  influence  upon 
the  rapidity  of  absorption,  would  not  materially  oppose  the 
introduction  of  liquids  of  low  density,  even  were  its  effects ' 
not  counteracted  to  a  certain  extent  by  other  circumstances ; 
for  it  must  be  remembered  that  the  blood  has  a  specific 
'  DuTBOCHKT,  op,  cUy  tomo  I,  p.  88. 
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gravity  of  from  1052  to  1057,  and  contains  salts  and  albu- 
men^ 6uh§tances  possessing  highlj  endosmotle  properties. 
CircTilatian  of  tlie  blood  is  the  most  important  condition 
modiijing  the  opposing  influence  of  pressure.  This  condi- 
tion is  so  important  in  modifying  endosmot^is  that  it  de- 
mands 6pe<;ial  consideration.  It  is  Biiffleient  in  this  conne*!- 
tion,  howeverj  to  appreciate  the  fact  of  its  powerful  influence 
in  promoting  the  endosmotic  current. 

Yariations  in  the  pressure  in  the  blood-vessels  hag  already 
been  alluded  to  as  exerting  an  important  inflnence  on  the 
rapiditj  of  absorption,  When  the  entire  quantity  of  blood 
is  diminidied  by  haemorrhage  or  prolonged  ahetinenee,  the 
activity  of  endosmosis  is  immensely  increased  ;  a'hd  it  is  eor- 
respondingly  diminished  when  the  pressure  is  increased,  as  in 
plethora  or  affrer  injection  of  fluids  into  the  bhiod-vessels  of 
a  living  animal.  This  rule  does  not  apply  to  those  instances 
of  local  increase  in  the  pressure  of  bh:K>d  which  are  attended 
with  very  great  increase  in  the  activity  of  the  circulationj  m 
in  the  mncons  membrane  of  the  intestinal  canal  during  dige^ 
tion  and  absorption. 

In  physical  experiments,  all  observers  have  noticed  a  great 
increase  in  the  activity  of  the  cnrrents  with  an  increase  in 
the  density  of  the  endosmotic  s<jlntion.  Graham  found  that 
with  a  solution  containing  two  per  cent  of  siilphat43  of  mag- 
nesia, tlie  minimum  of  elevation  in  the  tube  of  the  endos- 
niometer  was  SO,  and  the  uiaximum  33  millimeters;  with  so- 
lutions containing  five  per  cent  of  the  salt,  the  minimum 
was  73,  and  the  maximum  76 ;  with  solutions  containing  ten 
per  cent.,  the  minimum  was  134,  and  the  maximum  152 ;  and 
with  solutions  containing  twenty  per  cent. ^  the  minimnm  waa 
238,  and  the  nmxinium  283.' 

These  facts  are  directly  applicable  to  the  blood  and  the 
influence  of  the  concentmtion  of  this  fluid  upon  absorption, 

*  GiLAttm,  op.  dl. — Phihtophictd  J>(JMfflfl^^^w1J^,  London,  18ft4»  Ifl*.  Thcsw 
flgUT«i  «re  Bolectod  from  n  large  number  of  obsf^rriitlrms  upon  diflVrent  iaJbe  iO- 
lutions,     of  whkh  were  followed  by  casentinllj  the  same  irsults. 
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In  physiological  absorption,  the  salts  of  the  blood  exert  a 
certain  amount  of  endosmotic  force,  but,  of  all  its  constitu- 
ents, the  albuminoid  matters  are  the  most  efficient.  The 
greater  the  relative  proportion  of  these  to  the  watery  con- 
stituents, the  greater  will  be  the  activity  of  endosmosis.  It 
is  ill  this  way  that  the  hydragogue  cathartics,  by  largely 
diminishing  the  watery  constituents  of  the  blood,  at  the 
same  time  that  they  diminish  the  pressure,  increase  the 
activity  of  absorption.  The  albuminoid  constituents  of 
the  blood  also  oppose  exosmosis,  or  transudation ;  and,  when 
their  proportion  is  considerably  diminished,  dropsies  into 
the  areolar  tissue  and  the  serous  cavities  are  apt  to  occur. 

ModificcUions  due  to  Movements  of  the  Liquids. — Move- 
ments of  the  liquids,  in  endosmotic  experiments,  are  capable 
of  increasing  the  activity  of  the  currents  in  two  ways.  In 
the  first  place,  by  agitating  the  liquids  the  rapidity  of  diffu- 
sion is  increased  and  fresh  layers  of  liquid  are  brought  in 
contact  with  the  membrane.  It  is  well  known  to  all  that 
have  experimented  on  this  subject,  that  in  an  ordinary  en- 
dosmometer,  after  the  current  has  become  very  feeble  or  has 
entirely  ceased,  it  may  be  again  excited  by  simply  agitating 
the  liquids.  This  fact  was  accurately  described  and  explained 
by  Poiseuille.  He  placed  an  endosmometer  filled  with  a 
solution  containing  four  per  cent,  of  phosphate  of  soda  in  a 
vessel  of  serum.  The  liquid  mounted  in  the  tube  to  the 
height  of  thirty-four  millimeters,  but  after  some  hours  of 
complete  repose,  it  descended  to  about  three  millimeters 
above  the  level  of  the  external  liquid.  On  slightly  agitating 
the  apparatus,  the  ascent  recommenced  at  the  rate  of  four 
millimeters  per  hour.*  Poiseuille  explains  this  fact  on  the 
principle  that  endosmosis  and  exosmosis  had  gone  on  in  that 
portion  of  the  liquid  near  the  membrane  until  the  density  of 
the  saline  solution  had  been  reduced  to  a  point  at  which  the 

*  PoiSEUiLLK,  Recherches  Experimentalea  mr  U$  IHdicamerUt. — Cotnpfet 
Remdu»^  Paris,  1844,  tome  xix.,  p.  997. 
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current  takes  place  in  the  opposite  cUrectiun ;  as  he  had  pr^ 
viouBly  demonstrated  that  with  one  per  cent,  solutions  of 
jihosphate  of  &oda,  the  current  was  alwavi  &otii  the  ialiiie 
solution  to  the  serum.  This  great  dimiiiation  in  density, 
however^  he  assumed  to  be  only  local ;  and  the  endoanotic 
current  recommenced  when  general  diffusion  was  hastened 
liy  agitation  of  the  liquids*  In  experiments  such  as  those 
perforuied  by  Matteucci  and  Cima,  in  which  fluid  is  made 
to  pass  in  a  current  through  a  portion  of  a  vein  which  in 
immersed  in  a  vessel  of  acidulated  water,  the  rapid  pene- 
tration of  the  acid  is  due  in  part  to  the  suction  force  pro- 
duced by  the  current,  and  in  part  to  t!ie  constant  renewal  of 
liquid  on  one  aide  of  the  membrane.  In  an  eaqierinient  of 
this  kind^  Matteucci  found  that  an  acid  reaction  was  alm^tit 
immediately  manifested  in  the  liquid  flowing  from  the  vein 
when  a  current  was  eatabUshcdj  but  the  penetration  requirt^ 
mine  time  when  the  liquids  were  motionless.' 

In  the  vascular  systemj  all  the  conditions  are  realized  for 
the  greatest  development  of  tlie  influence  exerted  upon  en* 
dosmosis  by  the  inovements  of  liquids.  The  blotwl  is  circn- 
lating  in  the  small  vessels  under  a  pressure  much  lea*  than 
that  in  the  general  arterial  system.  It  contains  a  very  large 
proportion  of  albuminoid  matter,  which  powerfully  attract* 
an  eud(jsmotic  current  without  itself  passing  through  01**111- 
branes.  The  circulation  m  so  rapid  that,  whatever  enteni 
through  the  walls  of  the  vessels  is  immediately  carried  on  to 
the  heart,  and  in  less  than  thirty  seconds  (the  estimated 
duration  of  tlje  entire  circuit  of  the  blood),  by  the  chuniing 
action  of  this  organ  as  well  as  the  diffusion  produced  by  the 
force  of  the  current,  is  mixed  with  the  whole  mai*s  of  the 
circulating  fluid.  The  substance  absorbed  must  then  nuah 
ify  the  whole  mass  of  blood  (which  is  estimated  at  eighteen 
pounds,  in  a  man  of  ordinary  size)  before  the  activity  of  ab- 
sorption can  be  diminished  by  an  alteration  in  the  density  oif 

1847,  p.  m 
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flie  fluid  toward  which  the  current  is  directed.  In  ordinary 
absorption,  this  modification  must  be  so  slight  as  to  have  no 
material  influence  upon  the  endosmotic  action. 

Modijicdtions  due  to  Varia/tioiis  in  Temperatwre. — The 
original  experiments  of  Dutrochet  developed  some  striking 
physical  facts  with  regard  to  the  influence  of  temperature  on 
the  endosmotic  current,  which  have  been  repeatedly  confirmed 
by  later  observers.  In  experiments  with  the  csecura  of  a 
fowl,  filled  with  a  solution  containing  one  part  of  gum  to  ten 
of  water,  he  found  that  the  apparatus  immersed  in  water  at  41^ 
Fahr.  for  an  hour  and  a  half  gained  thirteen  grains  in  weight ; 
while  it  gained  twenty-three  grains  in  the  same  time  when 
the  temperature  of  the  water  was  raised  to  from  88°  to  90®, 
notwithstanding  the  fact  that  the  liquid  had  already  become 
somewhat  less  endosmotic  by  the  introduction  of  water  in 
the  first  experiment.* 

Under  ordinary  conditions,  physiological  absorption  is 
not  much  infiuenced  by  temperature,  for  most  of  the  liquids 
to  be  absorbed  are  soon  brought  to  the  general  temperature 
of  the  body;  but  it  is  a  general  observation  that  warm 
liquids  are  absorbed  more  rapidly  than  cold. 

Modifications  induced  hy  Electricity. — From  a  physical 
point  of  view,  the  infiuence  of  electricity  upon  the  endos- 
motic current  is  very  interesting;  and  it  is  impossible  to  say 
that  this  force  does  not  intervene  in  the  phenomena  of  absorp- 
tion in  the  living  body.  Nevertheless,  there  are  no  suflScient 
data  for  assuming  that  physiological  absorption  has  any  thing 
to  do  with  electricity;  and  it  is  much  more  reasonable  to  sup- 
pose that  the  modifications  in  absorption  which  are  effected 
through  the  nervous  system  are  due  to  the  influence  of  the 
nerves  upon  the  circulation.'  In  view  of  tlie  early  experi- 
ments of  Porrett,  who  produced  an  endosmotic  current 

*  Dutrochet,  Memoiret^  etc.,  tome  I,  p.  27. 

*  See  page  468. 
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through  an  aaimal  membrane  with  pure  water  on  either 
by  siinplj  immersing  in  the  fluids  tlie  poles  of  a  galvanic 
battery/  and  the  experiments  of  Dutrochetj  who  produccHl 
currents  in  the  same  waj  tlirough  the  csecum  of  tlie  fowl,' 
the  idea  was  advanced  that  all  endosmo&is  was  depi^ndeut 
upon  galvanic  action*  No  006,  however,  has  e%"er  prof^sed 
to  have  detected  a  galvanic  current  during  ordioarv  eiidod- 
mosis,  bj  the  galvanometers  usually  emploj-ed,  and  this  th^ 
ory  is  without  any  positive  basisp 

These  observations  of  Porrett  and  Dutroohet  have  been" 
reijoatedly  verified  by  later  experinientei^-  They  showed  a 
tendency  to  diffuiiion  in  two  portions  of  the  same  liquid, 
separated  by  a  membrane,  when  one  was  charged  with  poei* 
tive  and  the  other  with  negative  electricity,  the  current  tak- 
ing place  from  the  positive  to  the  negative  pole.  Under 
these  circumstances,  the  endosmotic  current  is  actually  pro- 
duced by  galvanic  action,  for  it  never  takc^  place  %vheu  the 
liqiuds  on  either  side  of  the  membrane  are  identical,  (^tber 
experiments,  which  it  is  unnecessary  to  refer  to  in  detail^ 
have  shown  that  the  phenomena  of  osmoelis  between  liqwids 
of  diflerent  constitution  may  be  modified  by  galvanic  action, 
that  the  currents  may  be  establbhed  in  this  way  wliere  they 
would  not  otherwise  t^e  place,  and  that  existing  eurn*nti 
may  be  arrested  or  even  reversed.  The  experiments  of 
Foder&  (which  were  made  upon  living  animaU  before  the 
description  of  cndosmosiji  by  Dutrochet),  are  striking  exam- 
ples of  the  influence  of  electricity  upon  the  pas^^age  of  dilu- 
tions through  animal  membranes.  This  observer  found  that 
while  it  required  from  half  an  hour  to  an  hour  and  a  half  for 
a  solution  of  sulphate  of  iron  and  a  solution  of  pru^iate  of  jn^t- 
ash^  placed  upon  either  dde  of  an  animal  membrane,  to  pene- 
trate its  substance  and  produce  tlie  characteristic  blue  reac- 
tion, when  the  liquids  were  connected  with  the  jx»la^  of  a  gal- 

PoitEETT,  OuH&i§»  G<i!mni4  J^^timmU. — Ann^      MilMvp^y,  UmA^ati^ 
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vanic  battery,  this  result  was  produced  "  in  a  few  minutes  and 
even  in  a  few  seconds,  accordiug  to  the  power  of  the  pile  and 
tlie  energy  of  its  action."  This  is  only  one  of  a  number  of  ex- 
periments by  Foderk  illustrating  the  influence  of  the  galvanic 
current  upon  imbibition  and  absorption.* 

The  only  definite  applications  of  these  facts  to  physiology 
have  been  made  in  connection  with  the  influences  of  tlie 
nervous  system  upon  absorption ;  and  this  has  been  done 
under  the  idea  that  there  is  something  in  common  between 
the  nervous  force  and  electricity.  If  we  are  to  determine  the 
existence  of  electrical  action  by  the  usual  methods,  the  gal- 
vanic current  cannot  be  regarded  as  identical  with  nervous 
l)ower.  The  only  way  which  we  have  of  detecting  a  gal- 
vanic current  is  by  instruments  known  as  galvanometers ; 
and  those  used  at  the  present  day  in  accurate  investigations 
are  exceedingly  sensitive.  With  the  most  delicate  instru- 
ments known,  it  is  impossible  to  detect  any  galvanic  current 
during  endosmosis,  or  during  the  conduction  by  nerves  of 
the  so-called  nervous  force.  There  is  no  reason,  therefore,  to 
suppose  that  absorption  is  affected  by  galvanic  action  operat- 
ing through  the  nervous  system,  and  we  must  be  content 
with  the  explanations  of  nervous  influence  already  given.' 
Nevertheless,  galvanic  currents  have  been  detected  between 
different  tissues  and  different  paints  of  the  same  tissue  during 
life  and  immediately  after  death;  but  we  have  not  as  yet 
been  able  to  determine  positively  the  influence  of  these  cur- 
rents upon  any  of  the  important  functions. 

Applicdthns  of  Phxjsical  Laxoa  to  the  Function  of 
Absorption, 

In  no  experiments  performed  out  of  the  body,  can  the 
conditions  favorable  to  the  passage  of  liquids  through  mem- 
branes in  accordance  with  purely  physical  laws  be  realized  as 

*  FoderI,  Rechercha  Exptrtmentafes  sur  V Absorption  et  Exhalation^  Paria, 
1824,  p.  22. 

'  See  page  4<S8. 
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thej  exist  in  the  living  organism.  The  vast  extent  of  the 
absorbing  Buifaces ;  the  great  delicacy  and  pormeability  of 
the  membnines ;  the  rapidity  with  which  principles  are  <mr- 
ried  on  by  the  torrent  of  the  tiirculationj  as  ftoon  as  they  pass 
throngh  these  membranes ;  the  uniformity  of  the  preftgiire, 
notwithstanding  the  penetration  of  liqnids;  all  these  favor 
the  physical  phenomena  of  ahsorptiou  in  a  way  whicli  can- 
not be  imitated  in  artificially  constructed  apparatua  It 
is  not  necessary  to  invoke  the  vital  properties  of  tissues  td 
explain  the  ordinary  phenomena  of  absorption.  Enough  baa 
been  learned  of  the  lawB  which  regulated  endoemosis  and 
exoamoeia  to  enable  us  to  explain  most  of  these  pbeuomena 
upon  physical  principle^^.  This  fact  has  been  apparent  in 
studying  tbe&e  principles  in  their  relatiou  to  ab^iorption  in 
the  living  body;  but  it  ia  an  important  question  to  deter- 
mine whether  thie  be  applicable  to  all  the  varied  phenomtinji 
of  pbyeiological  absorption.  In  other  words,  are  tliere  any 
modifications  in  this  fimction  which  cannot,  as  yet,  be  ex 
plained  by  physical  laws  i 

Admitting  the  fact  that  the  general  process  of  absorjition 
takes  place  in  accordunt'e  with  the  laws  of  endosmoeia,  we  shall 
now  consider  some  of  the  phenomena  which  appear  to  be  in 
opposition  to  Itnown  physical  priuciplesj  or  in  whicli  the  appli- 
cation of  tbese  princnplcs  seems  to  be  imperfectly  understood. 

It  is  not  easy  to  understand  how  particles  of  emulgitied 
fat'  find  their  way  through  the  walla  of  the  laete^ls  and  the 
blood-vessels,  unless  we  admit  the  existence  of  orific^  such 
as  have  been  described  by  recent  anatomiets.  The  experi- 
ments of  Matteueci  with  alkaline  emulsions  seem  to  show 
that  alkalinity  is  a  condition  necessary  to  the  penetration 
of  fatty  particles,  thongh  they  do  not  offer  an  explanutifm 
of  the  mechanism  by  which  these  particles  pass  through 
membranes*  It  has  been  demonstrated  that  the  epithe- 
lium which  covers  these  membmnes  beeomos  filled  with 
fatty  granules  during  the  absorption  of  emulsions,  and  some 
physiologists  invoke  the  aid  of  cell-action," — concerning 
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which  it  must  be  confessed  that  there  exists  very  little  defi- 
nite information — ^in  explanation  of  this  phenomenon.  The 
penetration  of  membranes  by  fatty  particles  must  be  re- 
garded as  one  of  the  points  wliich  cannot  be  ftilly  explained 
by  the  laws  of  endosmosis. 

There  are  certain  experiments  on  absorption  in  the  living 
body,  to  which  a  great  deal  of  importance  was  attached  by 
Longet,  which  are  seemingly  in  opposition  to  physical  laws. 
This  author  states  that  when  solutions  of  sugar  of  dilFerent 
densities  are  secured  in  isolated  portions  of  the  intestine  of  a 
living  animal,  the  denser  solutions  are  absorbed  with  as 
much  rapidity  as  those  which  are  less  concentrated.  He  also 
shows  that  saline  solutions  of  greater  density  than  the  blood 
are  absorbed  in  the  living  animal,  when,  according  to  physi- 
cal laws,  the  current  should  take  placie  in  the  opposite 
direction.*  The  view  that  these  facts  are  in  opposition  to 
physical  laws  is  very  successfully  controverted  by  Milne- 
Edwards.  This  author,  referring  to  some  experiments  by 
Von  Becker  in  support  of  his  position,  asserts  that  there^is 
first  an  exosmosis  of  the  watery  portions  of  the  blood  to  these 
dense  solutions,  with  a  feeble  penetration  of  the  solutions  into 
the  blood-vessels,  until,  by  the  laws  of  diffusion,  the  solutions 
become  so  diluted  as  to  be  taken  into  the  circulation.*  Such 
an  action  as  this  could  not  take  place  between  two  saline  solu- 
tions in  an  endosmometer,  for  both  currents  would  cease  when 
the  liquids  became  of  equal  density ;  but  it  has  been  shown 
that  after  endosmosis  in  an  endosmometer  has  ceased,  it  may 
be  again  induced  by  simply  agitating  the  liquids.  In  phys- 
iological absorption,  the  motion  is  constant  and  very  rapid, 
and  solutions  in  their  passage  along  the  alimentary  canal 
are  continually  exposed  to  fresh  absorbing  surfaces.  Far- 
thermore,  the  albuminoid  matters  of  the  blood,  which  are 
very  slightly  exosmotic,  will  attract  an  endosmotic  current, 
even  from  liquids  of  the  same  density.    The  kind  of  ac- 

*  See  page  465. 

'  Milns-Edwards,  Leporu  tur  la  phynohffie^  Paris,  1869,  tome  v.,  p.  192. 
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tion  described  by  Milne-Edwards  would  be  by  no  means  &ii 
isolated  example  of  a  liquid  passing  out  of  the  blood-veaseb 
to  be  again  absorbed  after  it  Juu  acted  upon  matters  eontaitied 
in  the  alimentary  cauah  Tliit*  takes  placu  witfi  all  the  di* 
gestive  fluids;  and  the  liquid  la  effused,  not' by  simple  exos- 
moBisj  but  bj  au  act  of  Becretion  excited  by  the  iuiprcs^iou 
made  upon  the  mucous  membrane.  We  are  not  justified, 
therefore,  in  assnmingj  with  Longet,  that  the  absorption  of 
solutions  of  greater  density  than  the  blood  ia  always  in  op- 
position to  the  laws  of  endoauiosis. 

The  inihibitiou  of  the  coloring  matter  of  the  bile  by  tlie 
coats  of  the  gall-bladder  after  death,  while  notliiug  of  the 
kind  takes  place  during  lite,  is  not  due  to  the  absence  of  vital 
action.  During  life,  the  circulation  in  the  mucous  membrane 
of  this  reservoir  would  readily  mmove  the  few  partides  ol* 
coloring  matter  whick  might  penetrate  from  the  bile^  and  of 
course  there  is  no  time  for  any  coloration  to  take  place. 

In  treating  of  the  variations  and  modifications  of  absorp- 
tion^ we  noted  an  apparent  elective  power  in  the  maoous 
membrane  of  ec^nje  portions  of  the  alimentary  canah  This 
is  illustrated  in  the  failure  of  the  mucous  membrane  to  uly- 
sorb  the  woorara  and  rarious  of  the  animal  poi^ons^  which, 
lis  a  rulcj  are  only  effective  when  introduced  into  a  wound  or 
injected  inttj  the  areolar  tissoe.  The  separation  of  mriiiu* 
soluble  substances  by  tlie  process  knowni  as  dialysis  may 
throw  some  light  upon  this  subject,  but  as  yet  we  have  no 
facts  which  ofler  a  satisfactory  explanation  of  this  phenome- 
non** Certain  of  these  phenomena  which  show  an  apparent 
elective  power  in  absorbing  membranes  arc  probably  due  to 
a  cell-action  resembling  secretion  ;  for  all  these  surfaces  are 
eo%*ered  with  epitlielfum,  whicli  must  be  penetrated  before 
the  fiuids  can  get  to  the  lilooJ-Yessels.  But  even  with  regard 
to  the  selection  of  materials  fmm  the  blood  to  form  secre- 
tions, very  little  of  a  definite  cliaracter  is  known* 

Those  who  believe  that  absorption  h  often  modified  by 
*  See  page  477,  note. 
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vital  action  offer  tbia  in  explanation  of  the  important  influ- 
ence of  the  nervous  system  on  this  function.  Precisely  how 
the  nervous  system  affects  absorption,  in  all  instances,  it  is 
impossible  in  tlie  present  state  of  our  knowledge  to  deter- 
mine ;  but  modifications  are  frequently  effected  through  the 
sympathetic  system.  These  nerves,  as  is  well  known,  are 
capable  of  producing  important  local  changes  in  the  circula- 
tion, and  can  even  teihporarlly  arrest  the  capillary  circula- 
tion in  some  parts ;  and  it  is  in  this  way  that  many  of  the 
variations  in  absorption  may  be  produced. 

Transudation. — Although  the  endosmotic  is  the  princi- 
pal current  in  the  functions  which  have  thus  far  been  consid- 
ered, this  is  always  accompanied  by  a  certain  amount  of 
exosmosis.  All  the  soft  and  vascular  tissues,  and  all  the  cav- 
ities and  tubes,  contain  a  certain  amount  of  exhaled  or  transu- 
ded fluid.  This  may  be  small  in  quantity,  and  just  sufficient 
to  moisten  the  surface  of  membranes,  as  in  the  pleura  or  peri- 
toneum, or  it  may  be  liquid  and  in  a  dec  idedly-appreciable 
quantity,  like  the  intermuscular  fluid,  etc. ;  but  all  these  vas- 
cular tissues  are  moistened  by  liquid  which  has  passed  through 
the  permeable  walls  of  the  blood-vessels.  The  subject  of 
transudation,  however,  is  so  closely  connected  with  secretion, 
that  its  full  consideration  will  come  properly  under  that  head, 
in  another  volume.  At  present  it  will  be  sufficient  to  notice 
only  a  few  facts  which  relate  to  this  subject.  There  is  prob- 
ably a  feeble  exosmotic  current  in  the  alimentary  canal ; 
which  will  account  for  the  presence  of  certain  salts,  etc.,  in 
the  ffipces,  which  are  evidently  derived  from  the  blood.  In 
the  subcutaneous  areolar  tissue  and  in  the  substance  of  and 
between  the  muscles,  there  is  a  certain  quantity  of  a  liquid 
containing  a  very  minute  proportion  of  albumen  and  some 
inorganic  salts.  This  is  transuded  from  the  blood-vessels  by 
so  simple  a  process  tliat  it  hardly  merits  the  name  of  secretion. 

Transudation  of  these  liquids  is  influenced  chiefly  by  the 
pressure  of  blood  in  the  vessels  and  by  the  constitution  of 
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the  cumulating  fluidp  The  influence  of  pressure,  wbieh  is 
60  often  observed  in  the  dropsies  which  result  irom  venoiii? 
ohBtnictionj  wag  noted  nenrly  two  hundred  years  ago  by 
Ijower,  who  observed  that  there  w£ts  &  eerous  eflfiision  under 
the  akin  of  the  face  of  a  dog  atler  the  jugular  veins  had 
been  tiecL'  This  fact  is  too  well  established  to  need  farther 
illustration. 

The  influence  of  the  constitution  of  the  blood  upon 
transndation  is  very  interesting*  Tlie  exosmotic  properties 
of  albuminoid  matters  are  so  slight,  that  there  is  ueuallv 
but  a  small  am4)unt  of  transudation  from  the  vessels,  and 
the  fluid  thus  efiuBed  contains  but  a  minute  quantity  of  albu- 
men ;  but,  if  tlie  density  of  the  hlot»d  be  greatly  diminished, 
and  especially  if  it  become  impoverished  in  albuminoids, 
transudation  may  become  so  active  as  to  produce  general 
dropsy.  A  deficiency  in  albuminoids  in  the  blood  of  |>er- 
sons  suffering  from  general  dropsy  was  pbserv^ed  by  Bostoek, 
who,  at  the  instance  of  Dr.  Bright,  made  a  number  of  exam- 
inations of  the  blood  from  patients  suflering  from  what  is 
now  known  as  renal  dropsy,  "  In  the  serum  of  these  pa- 
tients the  jrro portion  of  albumen  was  found  to  be  less  than 
in  health,"'  This  fact  has  since  been  noted  by  olher  oV 
servers,  particularly  by  Becquerel  and  KiKlier,  who  made  a 
large  nnniber  of  observations  showing  the  influence  of  a 
deficiency  of  albuminoids  in  the  blood  upon  transudation.' 
These  facts  have  a  pathological  rather  than  a  physio h»gical 
bearing,  but  they  illustrate  the  influence  of  the  constitution 
of  the  blood  upon  normal  transudation  by  exosmosis, 

1  Uimm,  Tmrfo^ua  fte  Confr,  item  da  Motu  pi  V^rc  S^n^imh^  M  Chyfi  tti 
et*m  TVarmiu,  AnifiWloilimi^  I60fl^  p.  124, 

*  BoBTOOC,  An  Elfmentartf  %Kti7n  of  Fhtfuiototftf^  London^  -ISST^  411, 

*  HEC4i(!ieB£i.  KT  RoDiEB,  Be  CanhnU  pnr  dimmuM^n  4t  pr(iportim  de  Tal- 
^fiitiu  dti  nanfT^  r(  dm  hpdr^piU*  jvi  m  mtU  h  aomifutniet, — ^iraii  de  £i 
map  mSdkffh  dt  Fmt, 
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LYMPH   AND  CHYLE. 

Mode  of  obtaining  lymph — Quantity  of  lymph — Properties  and  composition  of 
lymph — ^Alterations  of  the  lymph — Influence  of  starvation  upon  the  lymph— 
Corpuscular  elements  of  the  lymph — Leucocytes — ^Development  of  leucocytes 
in  the  lymph  and  chyle — Globulins — Origin  and  function  of  the  lymph— 
Chyle — General  properties  of  the  chyle — Composition  of  the  chyle — Compar- 
ative analyses  of  the  lymph  and  the  chyle — Microscopical  characters  of  the 
chyle — Movement  of  the  lymph  and  the  chyle— Pressure  of  fluids  in  the 
lymphatic  system — General  rapidity  of  the  lymphatic  circulation — Causes  of 
the  movement  of  the  lymph  and  chyle— Influence  of  the  forces  of  endosmosia 
and  transudation — ^Influence  of  the  contractile  walls  of  the  vessels — ^Influ- 
ence of  pressure  from  surrounding  parts — Influence  of  the  movements  of 
respiration. 

To  complete  the  history  of  physiological  absorption,  it 
will  be  necessary  to  study  carefully  the  origin,  composi- 
tion, and  properties  of  the  lymph  and  chyle.  It  is  only 
within  a  few  years  that  physiologists  have  been  able  to  ap- 
preciate the  importance  of  the  lymph,  for  the  experiments 
indicating  the  enormous  quantity  of  this  liquid  which  is  con- 
tinually passing  into  the  blood  are  of  recent  date.  The 
earlier  experimenters  never  succeeded  in  obtaining  more  than 
a  small  quantity  of  fluid  from  the  lymjphatic  system.  On 
the  other  hand,  for  the  long  period  during  which  it  was  sup- 
posed that  all  the  products  of  digestion  entered  the  system  by 
the  thoracic  duct,  the  importance  of  the  chyle  was  much  exag- 
gerated ;  but  the  researches  upon  intestinal  absorption  by 
Magendie  and  those  who  followed  him,  and  the  experiments 
of  Colin  on  the  quantity  of  fluid  which  passes  into  the  blood 
by  the  thoracic  duct  during  the  intervals  of  digestion,  have 
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enabled  phyaiologists  to  form  a  better  estimate  of  the  im- 
portance of  the  lymph  and  chyle.  In  studying  the  proper- 
ties of  these  fluidSj  the  consideration  of  the  lyrapb  natnrally 
precedes  that  of  the  chyle }  as  the  latter  conaists  simply  of 
lymphj  to  which  certain  of  tlie  products  of  digestion  have 
been  added  during  absorption  from  the  slimentarj  eanaL 

Mode  ofohtaining  Lymph, — The  c^ld  methods  of  obtaining 
this  fluid  are  no  longer  employed.  In  the  inferior  animals^ 
recently  killed,  a  few  drops  may  be  obtained  by  pricking  the 
lymphatic  glands,  or  by  exposing  the  right  lymphatic  trank 
or  tlic  thoracic  duet,  and  collectiDg  the  small  quantity  of  fluid 
which  18  discharged  when  these  vessels  are  punctured-  Al- 
though a  notable  quantity  of  chyle  can  be  obtained  from  tlio 
thoracic  duct  of  an  animal  killed  during  intestinal  absorptiun, 
it  is  difficult  to  collect  even  a  small  quantity  of  fluid  during 
the  intervals  of  digestion.  Various  occasions  have  presentcrd 
themselves  for  obtaining  lymph j  possessing  more  or  less  of  its 
noiTual  characters,  from  the  human  subject  during  life;  but 
in  many  of  these  instances,  as  in  the  observations  of  Wu  tzer, 
Sommerring,  Nasee,  Marchand  and  Colbcrg,  and  some  others^ 
there  existed  some  pathological  condition  of  the  lymphatic 
system,  and  it  t^annot  be  assumed  that  the  liquid  thus  ob- 
tained was  in  a  perfectly  healthy  condition- 

The  first  successful  experiments  in  which  the  lymph  and 
chyle  were  obtained  in  quantity  were  made  by  Colin,  This 
observer  J  in  operating  upon  large  animals,  particularly  the 
ruminants,  experienced  no  great  difficulty  in  is*Jating  the 
thoracic  duct  near  its  junction  with  the  subclavian  vein,  and 
introducing  a  metallic  tube  of  sufficient  size  tc»  allow  the  free 
discharge  of  fluid/    These  experiments,  made  upon  horses 

'  CoLm^  Train  de  Plt^fdoloffU  Comparie  du  AnimoMtt  Jhtnattiqumf  Biriai 
1S66,  tome  ii.,  p.  100. 

The  idfNV  oresUbHshingft  fijtiila  into  the  tfaoracie  dtict  did  not  dngiiiftte  iritli 
CSolitij  althotigh  he  wis  thi  firf  t  to  perform  the  experiment  SQ-'cesafnIlj,    In  tbt 


LYICPH. 


509 


and  the  larger  ruminants,  were  the  first  to  give  any  dear 
idea  of  the  quantity  of  liquids — ^lymph  and  chyle — which 
pass  through  the  thoracic  duct.  In  an  observation  upon  a 
cow  of  medium  size,  he  succeeded  in  collecting,  in  the  course 
of  twelve  hours,  the  enormous  quantity  of  105*3  lbs.  av, 
(47,963  grammes) ;  and  he  farther  states  that  a  very  much 
greater  amount  can  be  obtained  by  operating  upon  rumi- 
nants of  larger  size.*  Whether  this  represent  the  actual 
quantity  which  is  normally  discharged  into  the  venous  cir- 
culation is  a  question  which  will  be  considered  under  the 
head  of  the  probable  quantity  of  lymph  and  chyle ;  but  it 
certainly  shows  that  the  lymph  cannot  but  be  regarded  as 
one  of  the  most  important  of  the  animal  fluids. 

Among  the  observations  upon  the  fluids  discharged  from 
the  thoracic  duct  which  followed  the  experiments  of  Colin, 
the  most  interesting  are  those  made  in  1859,  by  Dal  ton, 
who  operated  upon  carnivorous  as  well  as  herbivorous  ani- 
mals. These  experiments  were  performed  upon  young  goats 
and  dogs ;  and  the  general  results  with  regard  to  the  quan- 
tity of  fluids  discharged  closely  corresponded  with  those  ob- 
tained by  Colin.'  The  operation  of  making  the  fistula  in 
goats  is  not  very  difficult,  all  that  is  necessary  being  to  cut 
down  upon  the  subclavian  vein  at  the  point  wliere  the  duct 

Utter  part  of  the  last  century,  Flandrin,  who  made  a  number  of  experimenUi  upon 
the  effects  of  ligating  the  thoracic  duct  in  horses  (see  page  449),  attempted  to 
make  a  fistula  into  the  canal  by  exposing  it  and  introducing  a  tube  marie  of 
tin.  He  did  not  succeed,  however,  in  obtaining  the  chyle  in  quantity,  as  the 
tube  soon  became  obstructed.  (Flandrin,  SuUe  da  Ezperimeet  mr  V Absorption 
da  VaitMeaux  lAfmphaHqna  dans  In  Animaux. — Journal  de  Medeciw^  (Jhirurg'if, 
FkarmacUyetc.,  Paris,  1791,  tomelixxvil,  p.  230  ei  seq.) 
'  CoLix,  op.  eii.^  tome  ii.,  p.  106. 

•  Dalto5,  The  Phyioloffy  of  the  Circvlaiion. — A  Couru  of  Lectures  deliversd 
m  the  College  of  PhytieiauM  and  Surgeons^  New  Tork^  in  the  Fall  Term  of  1869, — 
Ameriean,  Medical  Monthly  and  Xew  York  Review,  December,  186<^),  P*  416 ;  and 
TreaiiM  on  Human  Physiology,  Philadelphia,  1871,  p.  324. 

Dr.  Dalton,  in  his  experiments  upon  dogs,  poisoned  the  animals  with  woorara, 
■nd  collected  the  liquid  which  flowed  from  the  thoracic  duct,  the  circulation  being 
kept  op  by  artificial  respiration. 
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empties  into  itj  and  fix  in  it  a  tub©  of  &ppropriata  size ;  but 
in  dogBj  the  vessels  are  more  deeply  situated,  and  the  operas 
tive  procedure  is  much  more  tedious.  This,  however,  tlie 
only  way  in  which  lymph  and  chyle  can  l>e  obtained  firotn 
the  lower  anuuaU  in  any  considerable  quantity. 

Quantity  of  Lymj>L — Alfcliaugb  the  experimentB  just 
described  might  at  first  Beem  sufficient  to  give  a  pretty 
clear  idea  of  the  entire  quantity  of  lymph  diachargod  into 
tlie  venous  system,  it  is  evident  that  the  conditions  of  the 
circulation  of  this  fluid  must  be  bo  seriously  modified  by  the 
establishment  of  a  fistula,  that  the  results  thus  obtained  are 
far  from  being  entirely  eatiafaetory.  In  the  firtit  plaeej  Colin 
found  that  the  eanal^  at  its  junction  with  the  subclavian 
vein,  was  seldom  single  ;  and  in  many  of  his  observations  in 
which  a  very  large  quantity  of  liquid  was  obtained^  there  were 
several  vessels  of  nearly  equal  size  emptying  into  the  tghous 
eystem.  In  the  experiment  which  we  have  referred  to,  bow- 
ever,  the  opening  was  single;  and  the  quantity  of  fluid 
obtained  represented  all  that  passed  up  the  thoracic  duct 
during  the  time  tlmt  the  observation  was  continued.  Aa 
we  should  naturally  expect,  the  discbarge  of  liquid  waa 
subject  to  certain  variations,  its  maximum  corresponding 
with  the  period  of  greatest  activity  iu  digestion  and  ab- 
sorption. 

It  is  not  possible  to  estimate  the  influence  of  the  unob- 
Btmcted  discharge  of  lymph  and  chyle  by  a  fistulous  opening 
upon  the  abst>lute  quantity  which  passes  out  of  the  canal ; 
and  in  the  natural  course  of  the  circulation^  there  is  a  certain 
amount  of  obstruction  to  its  entrance  into  the  vein,  which 
might  sensibly  retard  the  current. 

According  to  tlie  estimates  of  Daltou,  deduced  from  hia 
own  observations  upon  dogs  and  the  experiments  of  Colin 
upon  horses,  the  total  quantity  of  lymph  and  cliyle  produced 
in  the  twenty-four  hours  in  a  man  weigliiug  one  hundred 
and  forty  pounds  h  from  six  to  six  and  a  half  pounds.  And, 
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again,  reasoning  from  experiments  made  upon  dogs  eighteen 
hours  after  feeding,  when  the  fluid  which  passes  up  the  tho- 
racic duct  may  be  assumed  to  be  pure  unmixed  lymph,  the 
total  quantity  of  lymph  alone,  produced  in  the  twenty-four 
hours  by  a  man  of  ordinary  weight,  would  be  between  three 
and  a  half  and  four  pounds  (3*864  lb.)/  These  estimates  can 
only  be  accepted  as  approximative ;  and  they  do  not  indicate 
the  entire  quantity  of  lymph  actually  contained  in  the  oi^ 
ganism. 

There  are  no  very  satisfactory  recent  researches  upon  the 
variations  in  the  quantity  of  lymph.  Collard  de  Martigny 
made  a  series  of  elaborate  investigations  a  number  of  years 
ago,  with  regard  to  the  effects  of  starvation  upon  the  consti- 
tntion  and  the  quantity  of  the  lymph.  He  found  the  lym- 
phatics always  distended  with  fluid  in  dogs  killed  after  two 
days  of  total  deprivation  of  food.  This  condition  continued 
during  the  first  week  of  starvation ;  but  after  that  time,  the 
quantity  in  the  vessels  gradually  diminished,  and  a  few  hours 
before  death,  the  lymphatics  and  the  thoracic  duct  were  nearly 
empty.  In  comparing  the  quantity  of  fluid  in  the  lymphat- 
ics of  the  neck  during  digestion  and  absorption,  with  the 
quantity  which  they  contained  soon  after  digestion  was  com- 
pleted, the  same  observer  found  that  while  digestion  and 
absorption  were  going  on  actively,  the  vessels  of  the  neck 
contained  scarcely  any  fluid ;  but  the  quantity  gradually  in- 
creased after  these  processes  were  completed." 

Properties  and  Composition  of  Lymph. — Lymph  taken 
from  the  vessels  in  various  parts  of  the  system,  or  the  fluid 
which  is  discharged  from  the  thoracic  duct  during  the  inter- 
vals of  digestion,  is  either  perfectly  transparent  and  color- 

*  Daltom,  Treatise  on  Human  Fh/noloffy,  Philadelphia,  1871,  p.  324. 

*  CoLULRD  DK  Mabtiont,  Recherchee  EepSrimetitaUs  gur  le»  Effeta  de  VAtrnti' 
nmee  Compile  tPAlimenM  tolidea  et  Uquidea  vurla  Compoeiiion  el  la  Quaniiii 
dm  Sang  et  de  la  Ljfmphe. — Journal  de  Phytioiogie^  Paris,  1828,  tome  viii.,  p^ 
174  k  9eq, 

65 


612 


ABSORPTION, 


lese,  or  of  a  Bliglitly  yollowisli  or  greeniBh  hue.  When  al* 
lowed  to  etand  for  a  short  time,  it  becomes  alightlj  tiiiged 
with  red ;  antl  frequently  it  has  a  faint  rose-color  when  first 
discharged,  Miscroecopical  examinatioTi  ebows  that  this  red- 
dish color  is  dependent  upon  the  presence  of  a  iew  blood- 
corpuflcleej  which  are  entangled  in  the  clot  as  the  Ijmph 
coagulateSj  thus  accounting  for  the  deepening  of  the  color 
when  the  fluid  has  been  allowed  to  stand.  The  origin  of 
these  red  corpuscles  has  long  been  a  subject  of  discussion. 
Their  constant  presence  in  Ijmph  or  chyle  discbar^ged  by 
fistulous  openings  has  led  to  the  opinion  that  they  are  normal 
constituents  of  these  fluids ;  and  tliis  view  has  been  adopted 
W'ithout  reserve  by  those  who  assume  that  the  blood*corpu§- 
elcs  are  formed  from  tlie  white  corpuselt^j  or  kncocytea.  If 
this  view  of  the  fbmiation  of  Uie  corpiiecular  elements  of  tlie 
hlood  be  adopted,  there  is  no  good  reason  why  red  corpuscles 
should  not  be  formed  from  the  leucocytes  in  the  lymph  and 
chyle  as  well  as  in  the  blood  itself;  particularly  as  the  clear 
fluid  of  the  lymph  and  chyle  contains  nearly  all  the  principles 
found  in  the  plasma  of  the  blood.  On  the  other  hand,  many 
regard  tlie  presence  of  red  corpuscles  as  always  accidental ; 
and  in  support  of  this  view,  Eobin  brings  forward  the  fact 
that  red  corpuscles  are  never  found  in  lymph  taken  from  a 
portion  of  a  vessel  included  between  two  ligatures^  This  is 
certainly  a  very  strong  ailment  against  the  constant  and 
normal  existence  of  red  corpuscles  in  the  lyniph,  particularly 
as  the  connection  between  the  lymphatics  and  the  blotKi-ves- 
sels  is  very  close,  and  all  operations  upon  the  lymphatic  sys- 
tem involve  disturbances  in  the  circulation.  There  i^  no 
jioj^itive  evidence  of  the  tbrmation  of  red  corpuscles  from  the 
leucocytes ;  and  if  it  be  the  fact  that  red  corpuscles  never 
exist  in  lymph  taken  from  a  portion  of  a  lymphatic  ve^s^*l 
included  between  two  ligatures,  it  is  fair  to  assume  that 
the  presence  of  thesa  corpuscles  in  lymph  and  chyle  is 

'  EoBiN,  Prp^mme  du  Conn  d*Hutd<^^  prof(«^  d  la  Faf^tS  4^  Ifid«- 
firr  df  Ffiri\  lf;C2^'63,  tt  1853-*64,  Vam,  UU,  p.  112. 
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accidental,  and  that  they  are  always  derived  from  the 
blood. 

Lymph  has  no  decided  or  characteristic  odor.  It  is  very 
slightly  saline  in  taste, — almost  insipid.  Its  specific  gravity 
is  very  much  inferior  to  that  of  the  blood.  Magendie  found 
the  specific  gravity  in  the  dog  to  be  about  1,022.'  Robiu 
states  that  the  specific  gravity  of  the  defibrinated  serum  of 
the  lymph  is  1,009.'  In  some  recent  analyses,  by  Dahnhardt, 
of  the  lymph  taken  from  dilated  vessels  in  the  leg.  in  the 
human  subject,  the  specific  gravity  was  only  1,007.*  The 
exceedingly  low  specific  gravity  in  the  last  instance  would 
rather  lead  to  the  opinion  that  the  fluid  was  not  entirely 
normal.  The  difficulty  in  obtaining  this  fluid  in  a  perfectly 
normal  condition  from  the  human  subject  has  rendered  it 
impossible  to  ascertain  its  normal  specific  gravity,  even  ap- 
proximatively ;  but  it  evidently  possesses  a  density  much 
inferior  to  that  of  the  blood.  The  reaction  of  the  lymph  is 
constantly  alkaline.  According  to  Robin,  tlie  alkalinity 
of  the  lymph  is  neutralized  by  0*37  per  cent,  of  lactic  acid, 
while  the  blood  is  neutralized  by  0*50  per  cent.* 

A  few  minutes  after  discharge  from  the  vessels,  both  the 
lymph  and  chyle  undergo  spontaneous  coagulation.  Accord- 
ing to  Colin,  the  fluid  collected  from  the  thoracic  duct  in  the 
large  ruminantj  coagulates  at  the  end  of  five,  ten,  or  twelve 
minutes,  and  sets  into  a  mass  having  exactly  the  form  of  the 
vessel  in  which  it  is  contained.  Colin  states  that  the  clot  is 
tolerably  consistent,  but  that  there  is  never  any  spontaneous 
separation  of  serum.*  This  may  be  the  fact  with  regard  to 
the  lymph  and  the  chyle  of  the  large  ruminants,  but  in  the 
observations  of  Dalton,  who  operated  upon  dogs  and  goats, 

•  Maqendie,  Precis  JilemetUaire  de  Physiologie^  Paris,  1830,  tome  ii.,  p.  192. 

•  Robin,  Frogrammc  du  Cours^  Paris,  1664,  p.  111. 

•  Dahnhardt,  Zur  Chimie  der  Lymphe, — ^Virchow's  Archiv^  Beriin,  1866, 
BdL  zxxvii.,  S.  59. 

♦Zotf.  eii. 

•  CJoLiN,  Traile  de  Pky»ioiogie  Comparie  dct  Anima'uz  Donietfiquei,  Paris, 
1866,  tome  ii.,  p.  111. 
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after  a  few  hooiB'  exposure,  the  clot  contracted  to  aljout  half 
its  original  skCj  precisely  like  eoagalatecl  bloodj  and  the  se- 
rum became  perfectly  separated,  lii  one  infitance,  in  the  dog^ 
the  volume  of  Berunij  after  tT^entj-lbiir  hours  of  repo^e^  wa^ 
about  twice  that  of  the  contraetuil  clot*'  Milne-Edward^^  quo- 
ting from  an  unpublished  menioir  presented  by  Ci^liu  to  the 
Academy  of  Sciences^  in  1858,  states  that  the  lymph  does  not 
coagulate  in  the  vesseb,  even  when  the  circulation  i*  inter- 
rupted.* This  may  be  the  case  uBder  ordinary  conditions, 
when  the  vessels  are  simply  tied;  but  it  was  found  by  Flan- 
driDj'  that  coagulation  obstructed  the  tubes  which  he  intro- 
duced into  the  thoracic  duct  so  completely  that  he  was  able 
to  obtain  but  a  imall  quantity  of  fluid ;  a  difficulty  which  is 
also  mentioned  by  Colin,  who  states  that  ^*  the  cleai'ing  of 
the  tube  rarely  suffices  to  reestablish  the  flow,  for  the  coag- 
ulum  formed  in  the  tube  is  prolonged  for  a  greater  or  Ivm 
distance  into  the  interior  of  the  thoracic  duct/'*  Coagula- 
tion of  lymph  in  the  vcBsels  during  life,  if  it  oc^ur  at  all, 
must  be  exceedingly  infrequent^  uotwithatanding  that  the 
flow  of  lymph  and  chyle  is  very  slow  and  irregular,  com- 
pared with  the  circulation  of  tlie  blood>  and  is  subject,  prob- 
ably, to  frequent  interruptions. 

Although  numerous  analyses  have  been  made  of  lymph 
from  the  human  subjectj  the  conditions  under  which  the  fluid 
has  been  obtained  i*ender  it  probable  that  in  the  majority  of 
instances  it  was  not  entirely  norraah  It  \^111  be  necessary, 
therefore,  to  compare  these  analyses  with  ol>serrations  made 
upon  the  lymph  of  the  inferior  animals ;  as  in  the  latter,  ihu 
fluid  has  been  collected  under  conditions  which  leave  no 
doubt  aa  to  its  normal  character.    In  the  experiments  of 

'  Daltok,  Lc-eiureM  tm  the  Ph^dogy  the  Circulaiion, — Tha  AmtHemn 
Ufdieal  Moniht^  artd  Kew  y'ork  /^rtw,  Deccjnber^  1S60,  p.  411, 

*  €otm,  op.  fit.^  tome  iL^  jMige  1 1 1. 
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Coliu  especially,  the  fluids  taken  from  the  thoracic  duct  dup- 
ing the  intervals  of  digestion  undoubtedly  represent  the 
normal  mixed  lymph  collected  from  nearly  all  parts  of  the 
body ;  and  the  operative  procedure  in  the  large  ruminants  is 
80  simple  as.to  produce  little  if  any  general  disturbance.  The 
following  is  an  analysis  by  Lassaigne  of  specimens  of  lymph 
collected  by  Colin  from  the  thoracic  duct  of  a  cow,  under  tlie 
most  favorable  conditions : 

Composition  of  Lymph  from  a  Cow,^ 


Water   9W-0 

Kbrin   0-9 

Albumen   28*0 

Fatty  matter   0  4 

Chloride  of  sodium   6-0 

Carbonate,  phosphate,  and  sulphate  of  soda   1*2 

Phosphate  of  lime   0*5 


1,000  0 

These  proportions  are  by  no  means  invariable,  the  differ- 
ences in  coagulability  indicating  differences  in  the  propor- 
tion of  fibrin,  and  the  degree  of  lactescence  showing  great 
variations  in  the  proportion  of  fatty  matters.  The  table 
may  be  taken,  however,  as  a  pretty  close  approximation  of 
the  average  composition  of  the  lymph  of  these  animals,  dur- 
ing the  intervals  of  digestion. 

Of  the  various  analyses  of  human  lymph,  it  will  be  ne- 
cessary only  to  select  a  few,  as  most  of  them  are  far  from 

*  CoLiK,  TVaite  de  Physiologie  Comparie  det  Animetux  DomesUguety  Paris, 
1856,  tomeii.,  p.  111. 

The  proportions  in  this  table  have  been  changed  from  hundreds  to  thousands. 
In  this,  as  in  all  other  analyses  of  the  lymph,  the  organic  constituents  are  esti- 
mated dry.  In  treating  of  the  composition  of  the  blood  (see  vol.  i,  p.  187  et  teq.\ 
we  endeavored  to  show  that  the  water  which  exists  in  the  coagulated  albuminoid 
matters  should  be  considered  as  water  of  composition ;  coagulation  simply  alter- 
ing  the  form  of  these  organic  principles  without  changing  their  constitution. 
According  to  this  view,  an  estimate  of  these  substances  in  a  dry  state  gives  the 
quantity  of  the  residue  after  desiccation,  and  not  their  actual  proportion  in  a 
natural  condition. 


representing  the  nonnal  eharaeters  of  thh  fluid,  L'lieritier 
iinalyzed  the  contents  of  the  thoracic  duct  of  a  man  who  died 
of  sorteuing  of  the  brain,  huvi tig  taken  a  little  water  thirty 
hours  before  death.'  This  analjai^  gives  a  very  large  propor* 
tion  of  fibrinj  albumen^  and  fatty  matters  (S*20  of  fibrin,  60*0S 
of  albumen,  and  5"10  of  fat,  per  1,000),  so  large^  indeed^  that 
some  physiologists  doubt  the  accuracy  of  the  re^iulte/  On  the 
other  hand,  the  analyseaof  Marchand  and  Culbergj'  which  are 
so  often  quoted,  give,  as  the  composition  of  lymph  extracted 
from  a  wound  of  the  lymphatics  on  the  top  of  the  foot,  a  very 
large  proportion  of  water  (969'2G  parts  per  1,000),  and  conse- 
quently a  small  proportion  of  solid  matter.  We  would  &uf»- 
pose  that  fluid  thus  taken  from  a  wounded  part  must  neca^ 
earily  contain  an  admixture  of  pathological  secretions. 

The  analyses  of  human  lymph  which  seem  to  be  tlie 
most  reliable,  and  in  which  tlie  fluid  was  apparently  pure  and 
normal,  are  tlime  of  Gubler  and  Quevenne.  The  lymph,  in 
this  case,  was  collected  by  Desjardins  from  a  female  who 
suflered  from  a  varicose  dilatation  of  the  lymphatic  v^els 
in  the  anterior  and  superior  portion  of  the  left  thigh,  Tln^&e 
vessels  occaBiouaUy  ruptured,  and  the  lymph  could  then  l>e 
obtained  in  considerable  quantity,  "When  an  opening  existed, 
the  discharge  of  fluid  could  be  arrested  at  will  by  flexing  the 
trunk  upon  the  thigh.  Gubler  and  Qu^venne  made  elaborate 
analyses  of  two  diflferent  specimens  of  the  fluid,  with  the  fol- 
lowing results:* 

^  L'HintTtKii,  IVaiii  de  thimie  pa^i^t>gfiqtt^^  Fark^  1842,  p.  IS, 
'  h&mwf^  7Vaite  de  ph^oio^U^  F&ris^  18flB,  totiie  I,  48 

tiqu6  mperjidd  du  l>erme  ;  £rrfim<m  t'olumUgirg  de  Ltfmphe  ;  Anal^  d$ 
L^mphe,par  Gcblbe  st  iisikTS.mm.—  &QX£tU  MhHc^e  de  Park,  p. 

The  two  tables  of  Gubler  Kud  Qi)e?eiiiie  h&vv  heett  brought  together  mnd 
proportj&na  changetl  from  bundreds  to  tiousinds.    An  evidtui  error  m  the 
gnd  analjTEij  {^-m  Imie&d  of  0  fl2  p»rfc3  of  fntty  mUUit  per  liundred)  baa  bc«fi 
correcled.  For  a  fulJ  tt<^oo(lI]t  of  tbb  I'dse,  with  tlie  juialj^cs  ind  examiti«tioti»  of 
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Composition  of  Human  Lymph. 

First  Analjsla.  Beoood  Analyslib 


Water   989-87  934'7Y 

Rbrin   0*66  0-68 

Caaeous  matter  (with  earthy  phosphates  and  traces 

of  iron)   42-76  42*80 

Fatty  matter  (in  the  second  analysis,  fusible  at 

102-8"  Fahr.)   3-82  9-20 

Hydro-alcoholic  extract  (containing  sugar,  and  leav* 
ing,  alter  incineration,  chloride  of  sodium,  with 

the  phosphate  and  the  carbonate  of  soda)   13*00  12-60 


■  1,000*00  1,000-00 

The  above  analyses  sliow  a  much  larger  proportion  of 
solid  constituents  than  was  found  by  Lassaigne  in  the  lymph 
of  the  cow.  This  excess  is  pretty  uniformly  distributed 
throughout  all  the  constituents,  with  the  exception  of  the 
fatty  mattei-s  and  fibrin ;  the  former  existing  largely  in  excess 
in  the  human  lymph,  especially  in  the  second  analysis,  while 
the  latter  is  smaller  in  quantity  than  in  the  lymph  of  the 
cow.  It  is  evident,  however,  from  a  comparison  of  the  two 
analyses  of  Gubler  and  Quevenne,  that  the  composition  of  the 
lymph,  even  when  it  is  unmixed  with  chyle,  is  subject  to 
great  variations.  The  caseous  matter  given  by  Gubler  and 
Quevenne  is  probably  equivalent  to  the  albuminous  matter 
of  other  chemists. 

The  distinctive  characters  of  the  different  principles 
found  in  the  lymph  do  not  demand  extended  considera- 
tion, inasmuch  as  most  of  them  have  already  been  treated 
of  in  connection  with  the  blood.  In  comparing,  however, 
the  composition  of  the  lymph  and  the  blood,  we  are  at  once 
struck  with  the  great  excess  of  solid  constituents  in  tlie  latter 
fluid.  In  the  analyses  of  the  serum  of  the  blood  by  Bec- 
querel  and  Eodier,  the  proportion  of  solid  constituents  was 
ninety-two  parts  per  1,000  ;  *  while  in  the  analyses  of  the  hu- 

the  fluid,  the  reader  is  referred  to  the  OazetU  Medicale,  1854,  pp.  861,  408,  452, 
and  616. 

*  Bkcviueril  et  Rodier,  Chimie  Pathologique,  Paris,  1864,  p.  86, 
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man  lympli  by  Gubler  and  Qu^Tenne,  the  proportion 
from  sixty  to  sixty*five  parts  per  1,000^  and  in  the  analysk 
of  Lh^ritier,  wliich  gives  the  largest  quan  titles  of  solid  mat- 
ter, the  proportion  was  between  Beventy-five  and  seventy-six 
parteJ 

In  all  analyies,  except  those  of  Lh^ritier,  the  organic  ni- 
trogenized  coniponnds  have  been  found  to  be  very  much  less 
in  the  lymplx  than  in  the  blood.  This  it^  generally  moet 
marked  with  regard  to  the  fibrin ;  but,  as  belbre  stated,  the 
proportion  of  all  these  ingredients  is  qnite  variable.    On  ac- 

1  A  aeries  of  verf  elibomte  analyses  qf  the  human  lymph  was  made,  iti  iSflft, 
bj  Dakchnrdt,  uoder  the  direction  of  Profcsiior  HenfteiL  The  fluid  wmA  qqI- 
le^led  from  a  (»ntieiit  auffcnii|;  tmm  elephantiaala,  or  aomc  analog^ua  ftireciion,f]t 
which  the  lyinphadca  were  found  diluted.  These  obficnraliona  have  ^ulreailj  be^ 
peferred  lo,  and  li  is  probabh^  that  tbe  fluid  obtained  was  Dot  nonual  ijinph.  The 
atialyBeHf  howeirer,  were  ex<^e^mgly  minute,  {Specially  as  regards  the  prop4>rtioiii 
of  iaorganic  mattem    The  following  la  one  of  the  anal  Jiei  of  thia  Mid  i 

Waler,,..  ,   W700 

Fat,,  *   O'OSO 

Qi^anic  eKtractirea  aoluble  in  alcohoL   ,  l-Sfti 

Organic  extractiTes  soluble  in  wafer  ^  extractive  :ind  dbtnocn  ,  Q'90i 

Oiganic  aubetafices  inaoluble  in  water  =  fibrin  and  in«K>lnble  albnmen.  1*699 

'  Cb  loi  ide  of  sod]  utd   6  - 1 4fl 

Soda   Ofi7« 

Potash  ,   (1'49S 

Carbonic  add.  ,   t>63$ 

tSntphuric  and  phos^photic  acid  and  loan,  0  2^1 

ChaJk  ,   0*131 

MagneiU   O^^ll 

Oxide  of  inm   OtXW 

Phosphoric  acid ^                  „  fHl$ 

Carbonic  at'id. , , ,  ^  i.  _ . . .  „  Oi>l6 

Carbonate  of  nuigncisja,  sulphurle  add, 

L       and  loss  , .  0-f>Sl 


EzMirganiG  anbtitaooca  solnble^ 
in  vater, 


iDOi^ftnio  ■abctancet  insolu- 
tiblt  b  water, 


1,000-000 

OlBlftlAKnT^  Zur  Ch€mie  drr  i^npA*,— Virchow*b  AnAtr^  BeHin, 
Bd,  txxTii.,  a  56  ei  »cq. 

AnalvsM  of  the  Pame  lymph  for  organie  matter^  by  Professor  Benson,  gi^e  a 
proportiun  of  l*OtO  of  fibrin,  1-408  of  eerum-dbumen,  and  0'8&4  of  idbum^noua 
oompounda  precipitated  bj  acetic  aeid. 
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connt  of  this  deficiency  in  fibrin,  lymph  is  much  inferior  to 
the  blood  in  coagulability,  and  the  coagulum,  when  it  is 
formed,  is  soft  and  friable.  There  does  not  appear,  however, 
to  be  any  actual  difference  between  the  coagulating  principle 
of  the  lymph  and  the  fibrin  of  the  blood. 

Lassaigne  found,  in  the  lymph  of  the  cow,  that  the  quantity 
of  albumen  was  a  little  less  than  one-half  the  proportion  con« 
tained  in  the  blood ;  but  in  most  analyses  of  human  lymph, 
the  proportion  has  been  much  less.  The  analyses  of  Gubler 
and  Quevenne,  however,  give  a  somewhat  greater  quantity 
of  albuminoid  matter  (caseous  matter),  the  proportion  in  one 
analysis  being  42*75,  and  in  the  other  42*80  parts  per  1,000. 
There  appears,  also,  to  be  some  difference  between  the  albu- 
minoid matter  of  the  lymph  and  the  albumen  of  the  blood. 
Gubler  and  Quevenne  speak  of  the  substance  found  in  one 
lymph  as  caseiform  matter ;  and  Hensen  speaks  of  a  propor- 
tion of  serum-albumen  and  of  albuminous  matter  precipitated 
by  acetic  acid.  The  albuminoid  matter  of  the  lymph,  there- 
fore, would  seem  to  possess  certain  distinctive  characters ; 
but  we  know  so  little  of  the  function  of  this  fiuid,  that  it  is 
impossible  to  assign  to  these  substances  any  special  physio- 
logical properties. 

Fatty  matters  have  generally  been  found  more  abun- 
dantly in  the  lymph  than  in  the  blood  ;  but  their  proportion 
is  even  more  variable  than  that  of  the  albuminoid  substances. 

Very  little  remains  to  be  said  concerning  the  ordinary 
inorganic  constituents  of  the  lymph.  The  analyses  of  Dahn- 
hardt  have  shown  that  nearly,  if  not  all,  of  the  inorganic 
matters  which  have  been  demonstrated  in  the  blood  are 
contained  in  the  lymph ;  and  even  a  small  proportion  of  iron 
is  given  in  the  analyses  of  Gubler  and  Quevenne. 

These  facts  indicate  a  remarkable  correspondence  be- 
tween the  composition  of  the  lymph  and  that  of  the  blood. 
All  of  the  constituents  of  the  blood  exist  in  the  lymph,  the 
only  difference  being  in  their  relative  proportions.  It  is  the 
Bame  with  the  cx>rpuscular  elements ;  for  the  so-called  lymph- 
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oorpuacles  are  identical  with  the  leucocytes  of  llie  blood,  and 
the  red  diek^  frequently  find  tlieir  way  from  the  hlood-vaseeid 
into  the  lymphaticsi. 

In  addition  to  the  constituents  of  the  lymph  ofdiiiarily 
given,  the  presence  of  glucose,  and  more  lately,  the  eidstenoe 
of  a  certain  proportion  of  urea,  have  been  demonstrated  in 
this  fluid,  Braiide,  in  1812,  noted  the  presence  of  sugar  in  the 
chyle,  but  not  in  the  lymph.'  It  has  since  been  demonstratefl^ 
however,  io  the  lymph^  by  Gahler  and  Quevenne/  Poi&c-iiill© 
and  1^1  or t/  Colin,*  and  fjthers,  Poisenille  and  Lefort  found 
that  the  proportion  of  sugar  was  always  greater  in  th©  lymph 
tliun  in  the  chyle*  The  recent  researches  of  Colin  show  that 
the  difla^nce  between  the  proportion  of  this  substantie  in  tlie 
lymph  and  in  the  chyle  ia  not  very  gre^t^  and  its  quantity 
doee  not  vary  very  considerably  in  different  classes  of 
mak.  Ills  observations  were  made  npon  horses,  o^en,  a 
dogd)  and  tbe  proportion  of  sugar  varied  Wtween  l*i>2  and 
1*58  paj*ts  per  1,000/  It  Las  not  been  ascertained  how  the 
sugar  contained  in  the  lymph  takes  its  origin,  and  its  ftm<v 
tion  in  this  situation  is  equally  obscm-e. 

The  presence  of  urea  in  conBiderahle  quantity  in  both  the 
chyle  and  the  lymph  lias  been  determined  by  Wurtz ; '  an  ' 
it  is  thought  by  Bernard  that  tlie  lymph  is  the  prinetf 

^  BiLUiDE^  Chemkai  Bewarcha  ttn  the  Blood  ami  4omt  other  Amimal  Ftmd^ — 

BriLnde  noticeil  crir[?tald  of  wb&t  be  «iu)>po8«d  to  be  snpv  of  tnllk  in  ibo 
holic  eitTAct  nf  ihc  fluiii  taken  tVooi  the  thomdc  iluct  four  lioun  sfter  frtiilii^ 

'  OvBLER  XT  Qukve^^ne;^  Op,  cit — Gamiie  M^dkiale  de  i%m,  ISfli,  fi. 
Thete  obeerrci^  while  udifiitting  that  the  cuiieaoe  of  stjgiir  m  the  Irmph  u 
dcred  rxccedingly  pmbahli^ — ^  ihc  eiiract  reduced  •  cop^  salation — did  uo% 

*  FoiBEriLLK  IT  LcroftT,  Ik  CEckUfux  du  Ol^asme  dun*  t  Orffonum^  A^* 
— OimpiH  Mfndttti  P*rifl,  185i,  tonna  iJrl,    B67,  Mid  Aolf  it¥pptimmimf%  Itz 
p.  678 

*  GoLCf^  Ih  r  Orient  du  S^rs  tonit^^u  diins  U  Vh^,—^OMrmd  4t  tm  Pli§^ 
wioio^^  P«Hb^         iome  L,  p.  539  H4tq, 

*  lae,       p.  544, 
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fluid,  if  not  the  only  one,  by  whicli  this  excremeutitioiid  sul>- 
stance  is  taken  up  from  the  tissues/  Although  urea  always 
exists  in  the  blood,  its  quantity  is  less  than  in  the  lymph/ 

The  pathological  alterations  of  the  lymph  have  not  been 
experimentally  investigated,  if  we  except  the  early  observa- 
tions of  CoUard  de  Martigny  upon  the  effects  of  abstinence 
upon  the  composition  of  this  fluid.  The  experiments  of  this 
observer  upon  the  effects  of  abstinence  upon  the  quantity 
of  lymph  have  already  been  referred  to.*  With  regard  to 
the  influence  of  this  condition  upon  the  composition  of  the 
lymph,  we  may  take  the  results  of  three  analyses  of  the  fluid 
from  dogs  that  had  been  without  food,  respectively,  for  thir- 
ty-two hours,  nine  days,  and  twenty-one  days.* 

After  82  hoars.  Aflter  9  days.  After  21  daja. 

Water  and  Biilt^                             940  0           931-4  936-8 

Rbrin                                              30              6*8  3*2 

Albumen,  fatty,  and  coloring  matters.    57*0            62-8  60*0 

BulleHn  de  VAeademU  Imperiale  de  Mederine^  Paris,  ISSG-'SV,  tome  xxii.,  p. 
784. 

Wurtz  discoirercd  urea  in  a  specimen  of  chyle  brought  to  him  by  Berard  for 
examination,  taken  from  a  young  bull.  In  less  than  a  gramme  of  chyle,  he  dis- 
covered  large  quantities  of  urea,  and  formed  distinct  crystals  by  combining  it 
with  nitric  acid.  He  believed  that  the  urea  came  from  the  lymph  and  not  from 
the  alimentary  substances  taken  up  from  the  intestine.  This  view  was  confirmed 
by  subsequent  analyses,  in  which  he  discovered  urea  in  the  lymph  of  the  dog,  the 
horse,  and  the  ox.  He  found  also  that  its  proportion  in  the  lymph  was  greater 
than  that  naturally  contained  in  the  blood.  (Written  communication,  in  Loxorr, 
Traite  de  Phytnologie^  Paris,  1861,  tome  i.,  p.  429,  note.) 

*  Bernard,  Lefona  tur  lea  Proprietea  Fhyaiologiquea  et  lea  Alter ationa  Paiho- 
logiquea  dea  Liquidea  de  rOrganiame,  Paris,  1859,  tome  ii.,  p.  27. 

'  Wurtz,  analyzing  comparatively  the  blood,  lymph,  and  chyle  for  urea,  found 
this  substance  in  greatest  proportion  in  the  lymph.  In  a  dog  nourished  with 
meat,  the  proportion  of  urea  was  0  089  parts  per  1,000  in  the  blood  and  0-168  in 
the  lymph  ;  in  a  cow,  the  proportion  was  0-192  in  the  blood,  0-192  in  the  chyle, 
and  0*193  in  the  lymph ;  and  in  a  ram,  the  proportion  was  0*248  in  the  blood, 
and  0*280  in  the  chyle.    {Complea  Rcndtia,  Paris,  1859,  tome  xlix.,  p.  53.) 

'  See  page  511. 

*  CoLLARD  DE  Martiqny,  RechcTchea  JUxperimentaha  aur  Ua  Efffia  de  PAbati- 
mtice  complete  (TAliinena  aolidea  et  liquideay  aur  la  Composition  et  la  Quantite  du 
Sinigetde  la  Lymphe. — Journal  de  Phyaiologie^  Paris,  1828,  tome  viii.,  p.  182  et  aeq. 
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This  table  shows  a  certain  concentration  of  the  lympl: 
during  the  first  periods  of  starvation ;  but  when  the  vital 
powers  had  become  very  much  reduced,  and  death  became 
imminent,  conjoined  with  a  great  diminution  in  the  absohite 
quantity  of  the  lymph  there  was  a  notable  reduction  in  the 
proportion  of  its  solid  constituents. 

The  differences  which  the  lymph  presents  in  different  ves- 
sels relate  chiefly  to  the  abundance  of  its  corpuscular  ele- 
ments. It  has  been  said,  however,  that  the  quantity  of 
fibrin  in  coagulated  lymph  is  greatest  in  the  fluid  from  the 
thoracic  duet,  and  that  its  proportion  progressively  increases 
from  the  peripliery  to  tlie  large  vessels.*  There  is  no  posi- 
tive evidence,  however,  that  this  is  due  to  the  action  of  the 
lymphatic  glands,  although  this  theory  has  been  advanced. 

Corpuscular  ElenienU  of  the  Lymph. — In  every  part  of 
the  lymphatic  system,  in  addition  to  a  few  very  minute  fatty 
granules,  there  are  found  certain  corpuscular  elements 
known  as  the  lymph-corpuscles.  These  exist,  not  only  in 
the  clear  lymph,  but  in  the  opaque  fluid  contained  in  the  lac- 
teals  during  absorption.  They  are  now  regarded  as  identical 
with  the  colorless  globular  corpuscles  found  in  the  blood, 
known  under  the  name  of  white  blood-corpuscles,  or  leu- 
cocytes. Although  these  bodies  have  been  pretty  ftdly  de- 
scribed in  treating  of  the  corpuscular  elements  of  the  blood,* 
they  present  some  peculiarities  in  the  lymphatic  system,  par- 
ticularly in  their  development,  which  demand  consideration. 

The  leucocytes  found  in  the  lymph  and  chyle  are  rather 
less  uniform  in  size  and  general  appearance  than  the  white 
corpuscles  of  the  blood.  Their  average  diameter  is  about  ^  jV? 
of  an  inch ;  but  some  are  larger,  and  others  are  as  small  as 
ttVit  inch.    Some  of  these  corpuscles  are  quite  clear 

and  transparent,  presenting  but  few  granulations  and  an  in- 
distinct nuclear  appearance  in  their  centre;  but  others  are 

*  LoNOET,  Tratte  de  physioloffif^  Paris,  1868,  tome  i.,p.  489. 
•Sec  vol     p.  121. 
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granular  and  quite  opaque.  They  present  the  same  adhe- 
sive character  in  the  lymph  that  we  have  noted  in  the  blood, 
and  frequently  are  found  collected  in  masses  in  difltrent 
parts  of  the  lymphatic  system.*  Treated  with  acetic  acid, 
the  corpuscles  generally  become  swollen,  and  are  rendered 
very  transparent,  then  presenting  from  one  to  four  or  five 
nuclear  concretions  in  their  interior.  In  all  other  regards, 
these  bodies  present  the  same  characters  as  the  leucocytes  of 
the  blood,  and  need  not,  therefore,  be  further  described. 

We  have  already  alluded  to  the  fact  that  the  lymph-cor- 
puscles are  more  abundant  in  the  larger  than  in  the  smaller 
vessels ;  and  that  they  have  been  thought  to  be  particularly 
numerous  in  the  vessels  coming  from  the  lymphatic  glands. 
It  is  nevertheless  true  that  corpuscles  exist  even  in  the 
smallt^t  vessels,  and  they  are  sometimes  quite  abundant  in 
lymph  which  has  not  passed  through  any  glands.  These 
considerations  naturally  lead  to  the  theory  of  the  develop- 
ment of  leucocytes  in  the  lymphatics,  as  well  as  in  the  or- 
dinary vascular  system,  particularly  as  the  constant  dis- 
charge of  lymph  and  chyle  into  the  blood-vessels  renders  it 
more  than  probable  that  most  of  the  leucocytes  found  in  the 
J>lood  are  derived  from  the  lymph. 

The  researches  of  Prof.  Kobin,  and  others,  by  whom  his 
observations  have  been  somew^hat  extended,  have  conclu- 
sively demonstrated  that  leucocytes  may  be  developed,  under 
proper  conditions,  in  a  clear  structureless  blastema,  without 
the  intervention  of  any  glandular  organ ;  and,  farthermore, 
it  is  not  necessary  that  the  blastema  should  be  enclosed  in 
any  system  of  vessels.  These  facts  refute  completely  the  idea 
that  the  lymph-corpuscles  are  formed  either  by  the  lymphatic 
glands  or  by  the  walls  of  the  lymphatic  vessels.  Observa- 
tions have  also  shown  that  leucocytes  exist  in  the  blood  ot 
the  embryo  before  any  lymphatic  vessels  can  be  demon- 

'  UoBiN,  8ur  quelquea  Points  de  VAnatomie  et  dc  la  PhyHoloffie  dea  Leucoeyta 
Gfobulet  hlana  du  Sang. — Journal  de  la  Physiologies  Paris,  1859,  tome  ii..  pii 
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Btrated  ;  *  a  fart  which  fJjowh  that  these  bodies  may  be  defd- 
oped  ds  nom  in  the  blood-plasma. 

Of  the^  facti!  there  can  be  r\o  donbt ;  %x\A  einoe  the  ptiUi- 
eiidon  of  the  fii^t  voliiiDe  of  thi^  work^  additional  experinii 
upon  the  deTeloptnent  of  lencocytea  in  elear  fl^iids  have 
only  confirmed  the  views  which  we  adoptjcd  with  regard  tci 
the origio  of  these  bodies  m  the  blood  ami  ekewhene,  bttt. 
have  defined  more  closely  the  conditione  under  which  i 
development  may  take  place.  We  refer  particnlarly  to  the 
observations  of  Oniraus  upon  the  genesis  of  lenc<K?yt^  and 
npon  gpontaneoos  generation.^  These  ex|jeriinents  are 
the  more  striking  in  their  application  to  tlie  developmeDt  of 
the  Ijmph-corpujBcles^  as  they  were  made  with  the  clear | 
fluid  effused  from  the  blood  by  vesicationj  and  as  rtcetit  fai 
with  regard  to  the  relative  anatomy  of  tlie  sinalle^l  lymphat- 
ies  and  the  blood-vessels  render  it  probable  that  the  ly 
is  in  great  part  derived  from  liquid  elementj^  which  pa^  < 
of  the  blood  by  exosmosis. 

Onimus  used  the  elear  fluid  taken  witlioiit  <ielay  front 
rapidly  developed  blisten^,  wbieh  he  found  ordinarily  con- 
tained no  leneoeytas,  bat  which  he  carefally  filtered  in  order 
to  remove  all  sources  nf  erron  The  filtered  hqiiid  eon  twitted, 
no  morphological  element  whatsoever;  bnt,  on  the  other 
hand,  he  fonnd  that  if  the  liquid  were  allowed  to  rexnain  for 
an  hour  or  more  in  cont^f't  with  the  dermis,  it  always 
tained  leueocytes  and  epitlic^ial  ceUs,  Under  these  etreitm^^ 
^tances^  even  after  filtration,  tli©  liquid  contaiticil  a  fewleacci 
eytes;  but  after  eix  or  sevDn  hours  of  repose  in  a  ct>nical  ve 
the  corpuM^nlar  elements  gravitated  to  the  bottom,  leal 
the  upper  portion  of  the  Itijnid  perfectly  clean 

This  liquid,  entirely  free  from  forme#l  anatomical 
ment^  waa  enclose^l  in  little  sacs  farmed  of  an  animal 


aili  M  de  h  pkff^loio^it,  Parifi,  tome  w.,  p.  47,cf  wf. 
bm  bfm  lti€<»rpf>r«ted  in  the  «e<^d  ediiion  of  vol  i 


ii,  p.  It. 
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brane  (goldbeater's  skin)  and  introduced  under  the  skin  of  a 
living  rabbit.  At  the  end  of  twelve  hours,  a  few  small  leuco- 
cytes and  granulations  had  made  their  appearance ;  at  the 
end  of  twenty-four  hours,  the  fluid  had  become  somewhat 
opaque  and  contained  a  large  number  of  leucocytes  and 
granulations ;  and  at  the  end  of  thirty-six  hours,  the  fluid 
was  white,  milky,  and  composed  almost  entirely  of  leucocytes 
and  granulations.  The  leucocytes,  which  were  examined  also 
by  Robin,  presented  all  the  characters  by  which  these  cor- 
puscles  are  ordinarily  recognized.  These  experiments  were 
repeated  with  more  than  forty  diflerent  specimens  of  fluid 
from  blisters. 

The  experiments  were  then  varied  in  order  to  show  the 
influence  of  the  membrane  and  of  the  composition  of  the 
blastema  upon  the  development  of  leucocytes.  By  modi- 
fying the  membrane  in  which  the  blastema  was  enclosed, 
it  was  found  that  the  corpuscles  were  rapidly  developed 
in  proportion  to  the  activity  of  the  osmotic  action.  When 
thick  animal  membranes  were  used,  their  development  was 
slow,  and  in  some  instances  did  not  take  place  at  all.  There 
was  no  development  of  leucocytes  in  a  clear  blastema  enclosed 
in  a  sac  of  caoutchouc  or  in  glass  tubes  hermetically  sealed ; 
and  from  this  it  was  concluded  that  the  osmotic  action  was  a 
necessary  condition,  and  that  the  mere  heat  of  the  body  was 
not  sufficient  to  develop  these  corpuscles,  even  in  an  appro- 
priate blastema.  The  influence  of  this  constant  molecular 
movement  is  in  striking  contrast  to  the  conditions  of  absolute 
repose  which  are  so  essential  to  the  formation  of  crystals 
from  ordinary  saline  solutions. 

One  of  the  most  interesting  points  in  these  experiments 
is  connected  with  the  influence  of  the  composition  of  the 
blastema  upon  the  development  of  leucocytes.  It  was  found 
that  tliese  bodies  were  never  developed  in  a  blastema  in 
which  the  fibrin  had  been  coagulated.  Experimenting  with 
two  liquids,  the  only  difference  in  their  constitution  being 
that  in  one  the  fibrin  had  been  coagulated  by  repeatedly 
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plunging  the  glass  tube  in  wlucli  it  was  coDtaiiied  into  ixio 
wateFj  while  the  other  was  kept  at  the  ordinary  temperature, 
a  little  hit^arbouate  of  aoda  bt^ing  added  to  prevent  coagula- 
tion, it  was  found  that  leucocyteii  were  developed  aa  nsaal  in 
the  fluid  which  contained  its  HbnOj  and  that  none  appeared 
in  the  other.  On  placing  the  liquid  with  its  eoagnlum  en- 
elosed  in  a  sac  under  the  skiUj  it  was  found  that  atler  a  time 
the  fibrin  was  redissolved,  but  no  leucocytes  made  their  a|)- 
pearanee. 

The  theory  which  has  for  its  motto,  ommscelitda  e  eeUtda^ 
receives  no  support  from  the^e  experiments.  Onimus  added 
to  fluids  which  had  been  deprived  of  their  fibrin,  epithelial 
cellfl  and  pus-corpuscles,  but  even  after  thirtj-§ix  houi^j  he 
never  tbund  any  additional  development  of  corpuscular  ele- 
ments. Leucocytea  added  to  fluids  in  which  the  fibrin  was 
unchanged  did  not  seem  to  exert  any  influence  upon  the  de- 
velopment of  new  corpuscles* 

As  regards  the  lymph,  there  is  no  fluid  in  the  body  which 
IS  placed  under  conditions  more  favorable  to  the  development 
of  leucocytes.  It  is  enclosed  in  a  Byatetn  of  vessels  poese^s- 
ing  extremely  thin  walls^,  and  undoubtedly  subjected  to  active 
osmotic  currents.  It  contains  a  considerable  quantity  of 
coagukting  matter ;  and  the  proportion  of  tbis  principle  has 
always  been  found  to  influence  the  rapidity  of  the  develop- 
ment of  white  corpuscles.  Its  circulation  is  not  very  rapid, 
and  the  obstacles  to  the  current  which  are  presented  in  thtj 
lymphatic  glands  undoubtedly  give  time  for  the  perfection  in 
the  structure  of  leucocytes.  It  is  in  this  way  that  the  in- 
crease in  the  number  of  leucocytes  as  the  lymph  passes  from 
the  [>eriphery  to  the  larger  vessels,  and  espeeially  as  the  fluid 
pusses  through  the  glands,  can  be  explained. 

From  the  lac t  that  leucocytes  are  developed  before  the  lym- 
phatic system  makes  its  appearance,  that  they  are  found  in 
lymph  which  has  never  passed  through  lymphatic  glands,  and 
from  the  observations  just  cited  showing  their  gpontaneoua 
formation  in  an  amorphous  blastetna^  it  is  the  inevitable  con* 
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elusion  that  nearly,  if  not  quite  all,  of  the  lymph-corpuscles 
are  developed  by  genesis  in  the  clear  lymph-plasma,  and  that 
their  development  goes  on  as  the  fluid  circulates  toward  the 
venous  system.  With  regard  to  the  influence  of  the  lym- 
phatic glands  upon  the  generation  of  leucocytes,  there  is  no 
evidence  that  the  corpuscles  which  are  developed  in  the 
course  of  the  lymph  through  these  organs  are  not  here,  as 
elsewhere,  formed  simply  from  the  blastema ;  and  it  is  not 
necessary  to  invoke  any  special  formative  action  taking  place 
in  the  peculiar  structures  of  the  glands. 

The  function  of  the  lymph-corpuscles  is  obscure.  They 
are  discharged  into  the  blood,  of  which  they  form  a  constant 
constituent.  Aside  from  the  hypothesis  that  they  are  con- 
cerned in  the  formation  of  the  red  blood-disks,  no  definite 
and  reasonable  theory  of  their  physiological  office  has  been 
proposed. 

In  addition  to  the  ordinary  leucocytes  and  a  certain  num- 
ber of  fatty  granules,  a  few  small  clear  globules  or  granules, 
about  ttVit  diameter,  called  sometimes  globu- 

lins, are  almost  constantly  present  in  the  lymph.  These  are 
insoluble  in  ether  and  acetic  acid,  but  are  dissolved  by  am- 
monia. They  are  regarded  by  Kobin  as  a  variety  of  leuco- 
cytes and  are  described  by  him  as  free  nuclei.  They  make 
their  appearance  in  the  blastema  before  the  larger  leucocytes 
are  developed. 

Origin  and  Inunction  of  the  Lymph. — There  can  hardly 
be  any  doubt  concerning  the  source  of  most  of  the  liquid 
portions  of  the  lymph,  for  they  can  be  derived  only  from  the 
blood.  Although  the  exact  relations  between  the  smallest 
lymphatics  and  the  blood-vessels  have  not  been  made  out  in 
all  parts  of  the  system,  there  is  manifestly  no  anatomical 
reason  why  the  water,  mixed  with  albuminoid  matters  and 
holding  salts  in  solution,  should  not  pass  from  the  blood  into 
the  lymphatics ;  and  this  is  rendered  nearly  certain  if  it  can 
be  demonstrated  that  the  lymphatics  partly  or  entirely 
66 
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BTUTound  many  of  the  blood-veasels ;  for  nnder  these  circum- 
BtanceB,  endosmotic  and  exosmotic  cnrrentsi  would  inevita- 
bly take  place.  We  have  seen^  in  comparing  the  eompoei- 
tion  of  the  lymph  with  that  of  the  plasma  of  the  blood,  that 
the  constitiienU  of  tliese  fluids  are  nearly  if  not  qnite  identi- 
cal ;  the  only  variations  being  in  their  relative  propoitionic 
This  is  another  strong  argument  in  favor  of  the  passage  of 
most  of  the  constituents  of  the  blood  into  the  lymph.  In 
the  lymph,  although  the  analyses  of  this  fluid  are  by  no 
means  so  coniplett;  as  the  recent  analyses  of  the  bloodj  the 
organic  nitrogen ized  principles^  in  all  probability,  present 
the  same  changes  as  those  observed  in  the  blood  after  it  is 
drawn  from  the  vessels.  In  accordance,  then,  with  the  views 
now  entertained  concerning  the  composition  of  the  blood, 
we  should  call  these  constituents  of  the  lymph,  serine  and 
pksniinc,  instead  of  alhumen  and  fibrin. 

One  of  the  most  important  physiological  facta  in  the 
chemical  history  of  the  lymph  is  the  constant  existence  of  ft 
considerable  portion  of  urea.  This  cannot  be  derived  from 
the  blood,  for  its  proportion  is  greater  in  the  lyinph^^  not- 
withstanding that  this  fluid  is  being  constantly  dischax^ged 
into  the  blood  vessels.  The  urea  which  exists  in  the  lymph 
is  derived  from  tljc  tis^snes ;  it  is  discharged  then  into  tlie 
bloody  and  is  constantly  being  removed  from  this  fluid  by  the 
kidneys* 

The  positive  facte  upon  whicli  to  base  any  precise  ideas  with 
regard  to  the  general  function  of  the  lymph  are  not  very  nu- 
merous. From  the  composition  of  this  fluid,  its  mode  of  circii- 
lation,  and  the  fact  that  it  is  being  congtantly  discharged  into 
the  blood,  it  would  not  seem  to  have  an  important  tiinctitjn 
in  the  active  processes  of  nutrition.  The  experiments  of  Col* 
lard  de  Martigny  sustain  this  view,  inasmuch  as  the  quan- 
tity and  the  proportion  of  solid  constituents  of  the  lympli 
were  rather  increased  than  diminished  in  animals  that  had 

*  WvnTf-,  written  commniikjitlon,  in  Lonoit,  IV&ii^  dt  Ph^Hoht^e^  Pam, 
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been  deprived  of  food  and  drink  for  several  days ;  while  it 
is  well  known  that  starvation  always  impoverishes  the  blood.* 
On  the  other  hand,  urea,  one  of  the  most  important  of  the  pro- 
ducts of  destructive  metamorphosis  of  the  tissues,  is  undoubt- 
edly taken  up  by  the  lymph,  and  conveyed  in  this  fluid  to 
the  blood.  It  remains  now  for  future  investigations  to  deter- 
mine whether  other  excrementitious  principles  may  not  be 
taken  up  from  the  tissues  in  the  same  way — a  question  of 
great  importance  in  its  relations  to  the  mechanism  of  excre- 
tion. 

What  is  positively  known  with  regard  to  the  functions 
of  the  lymph  may  be  sununed  up  in  a  very  few  words :  A 
great  part  of  its  constituents  is  evidently  derived  from  the 
blood ;  and  the  relations  of  these  principles  (the  albuminoids, 
and  the  ordinary  inorganic  salts)  to  nutrition  are  not  under- 
stood. The  same  may  be  said  of  sugar,  also  a  constant  con- 
stituent of  the  lymph,  the  origin  of  which,  even,  is  not  known. 
Urea  and,  perhaps,  other  excrementitious  matters  are  taken 
up  from  the  tissues  by  the  lymph,  and  are  discharged  into 
the  blood,  to  be  removed  by  the  appropriate  organs  from  the 
system. 

While  the  blood  is  evidently  the  great  nutritive  fluid  of 
the  body,  being  constantly  regenerated  and  purified  by  the 
absorption  of  nutritive  matters,  by  respiration,  and  by  the 
action  of  excreting  organs,  the  lymph  has  an  important 
function  in  removing  from  the  tissues  some,  at  least,  of  the 
products  of  physiological  decay  of  the  organism, 

ChyU. 

During  the  intervals  of  digestion,  the  intestinal  lymphat- 
ics and  the  thoracic  duct  carry  ordinary  lymph ;  but  as  soon 
as  absorption  of  alimentary  matters  begins,  certain  nutritive 
principles  are  taken  up  in  quantity  by  these  vessels,  and 
their  contents  are  now  known  as  the  chyle.  But  little  re- 
mains to  be  said  concerning  this  fluid,  as  we  have  consid- 
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ered  pretty  fullj  tlie  composition  and  properties  of  the 
lympli  as  well  as  the  different  principles  taken  up  by  the 
lacteal  ymmh  wlxich,  witli  the  lymph^  form  the  chyleL 
Some  general  considerations,  however,  remain  concerning 
the  composition  and  properties  of  tlie  chyle  m  a  distinct 
fluid, 

lu  tlic  human  subject  and  in  camivorouB  animak,  tlie 
chyle  taken  from  the  lacteak  near  the  intestine,  where  it  h 
nearly  pnre,  or  6rom  the  thoracic  ductj  when  it  m  mixed  with 
lymph,  is  a  white,  opaque,  milky  fluid,  of  a  s%htly  saline 
taste,  and  an  odor  which  ia  said  to  resemble  that  of  the  semen. 
The  odor  jb  also  said  to  be  charaeteriatic  of  the  animal  from 
which  the  fluid  is  taken  ;  although  this  is  not  very  marked, 
except  on  the  addition  of  concentrated  acid^  the  proce^  em- 
ployed by  Barreul  to  develop  the  characteristic  odor  in  tho 
fluids  from  different  animak/  Bonisson  has  found  that  the 
peculiar  odor  of  the  dog  was  thus  developed  in  fresh  chyle 
taken  from  the  thoracic  duct  of  this  animal/ 

The  chyle  taken  from  a  fistula  into  the  thoracic  duct  h 
frequently  of  a  mure  or  less  rosy  tint ;  and  it  has  been  a 
question  whether  this  be  due  to  a  pecuhar  coloring  matter  or 
to  the  accidental  presence  of  a  tew  red  blood-corpuscles, 
Colin  J  whose  experiments  in  collecting  chyle  from  living 
animals  have  been  very  numerous  and  successful,  assumes 
that  the  red  eolorati6n  is  always  due  to  blood-corpnaclea 
coming  from  the  subclavian  vein ;  the  valve  at  the  onfiee  of 
the  thoracic  duct  not  I>eing  always  sufficient  to  prevent  n?- 
gurgitation.  He  baa  never  found  blood  in  the  fluid  taken 
from  the  mesentenc  vessels  or  the  receptaculum  chyli,  and  he 
states,  farthennorCj  that  the  chyle  from  these  vessels  never 
becomes  colored  under  the  influence  of  the  air  or  of  oxygen.' 

'  See  Tol  I,  p.  ST. 

*  BouTHsoN,  ^iudttmrle  Ch^f.^Goztm  MMicak  d»  Parit,  1041,  tomt  fil^ 
p  412, 

*  Colin,  TVaii*  d$  Phyn&l^ir  CompQrh  de»  Animaux  DpmmHqmm,  Pfcri* 
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Dalton  and  others  have  noted  the  same  fact,  and  have  ob- 
served that  the  fluid  which  is  first  discharged  after  a  tube  is 
fixed  in  the  thoracic  duct  is  perfectly  white,  the  rosy  tint 
gradually  appearing  as  the  chyle  fiows  from  the  fistula.* 
These  views  with  regard  to  the  coloration  of  the  chyle  after  its 
discharge  from  the  vessels  are  stated  positively,  as  the  result 
of  numerous  experiments ;  and  there  is  every  reason  for  sup- 
posing that  they  are  correct,  notwithstanding  that.  Longet 
and  some  others  have  assumed  that  the  chyle  becomes  tinged 
with  red  as  the  result  of  a  transformation  of  a  coloring  mat- 
ter peculiar  to  this  fluid, a  matter  with  regai-d  to  the  origin 
and  nature  of  which  we  are  not  yet  certain." ' 

The  reaction  of  the  chyle  is  either  alkaline  or  neu- 
traL*  Dalton  noted  an  alkaline  reaction  in  the  chyle  of 
the  goat  and  of  the  dog;*  and  a  specimen  of  chyle  taken 
firom  a  criminal  immediately  after  execution,  and  examined 
by  Rees,  was  neutral.*  Leuret  and  Lassaigne  obtained  the 
fluid  from  the  receptaculum  chyli  in  a  man  that  had  died 
of  cerebral  inflammation,  and  found  its  reaction  to  be  al-* 
kaline.* 

The  specific  gravity  of  the  chyle  is  always  less  than  that 
of  the  blood  ;  but  it  is  very  variable,  and  depends  tipon  the 
quality  of  the  food  and  particularly  upon  the  quantity  of 
liquids  ingested.  Lassaigne  found  the  specific  gravity  of  a 
specimen  of  pure  chyle  taken  from  the  mesenteric  lacteals  of 

*  Dalton,  Lecturet  on  the  Physiology  of  the  Circulation. — American  Medicdl 
Monthly  and  New  York  Beview,  December,  1860,  p.  409. 

*  LoNOKT,  TraiU  de  Phytiologie^  Paris,  1868,  tome  i.,  p.  600. 

'  Tiedcmann  and  Gmelin  found  the  fluid  collected  from  the  tlioracic  duct  of  a 
dog,  four  hours  after  eatmg,  to  be  alkaline.    (Tiedemanm  et  Gmklin,  Recherchea  ' 
tur  la  Route  que  prennent  diverees  Subetanees  pour  passer  de  VEsiomae  el  du  Ca- 
rnal Iniestinal  dans  le  Sang,  etc.;  Paris,  1821,  p.  4.) 

*  Lo€,cU. 

*  Rscs,  On  the  Chemical  Analysis  of  the  Contents  of  the  Ihoracie  Duct  in  the 
Buman  Subject. — F/Ulosophical  Transactions^  London,  1842,  p.  8. 

*  Leurkt  et  Lassaigne,  Recherches  Physiologiques  et  Chimiques  pour  servir 
d  PHistoire  de  la  Digestion,  Paris,  1826,  p.  166. 


a  bull  to  be  1,013,'  and  tbe  specific  gravity  of  tlie  speeiineii 
i>f  hiiman  chyle  exaunned  by  Kees  was  1,024/ 

The  differoiice&  in  the  appearance  of  the  chyle  in  dif- 
ferent animals  depend  chiefly  upon  the  diet  Colia  found 
it  excessively  nailky  in  the  camivoraj  especially  atler  fat^ 
iiad  heeu  taken  in  quantity ;  wlnle  in  dogs  that  were  nour- 
ished with  articles  containing  but  little  fatj  its  appearance 
was  hardly  lactescent.*  Tiedemann  and  Gmelin  Ibund  the 
chyle  almost  transparent  in  herbivora  fed  with  \my  or  ^traw. 
They  ako  observed  the  lact  tliat  tlie  chyle  was  nearly  trans- 
parent in  dogs  fed  with  liquid  albumen,  tibrin,  gelatine, 
starch,  and  gluten ;  while  it  was  white  in  the  same  attimaU 
fed  with  milk,  meat,  bonei^^,  etc/ 

It  is  impossible  to  give  even  an  approximative  estimate 
of  the  entire  quantity  of  pure  chyle  taken  up  by  tlic  la^iteal 
vessels.  When  it  finds  its  way  into  the  thoracic  duct^  it  is 
mingled  immediately  with  all  the  lymph  from  the  lower  ex- 
tremities j  and  the  immense  quantities  of  fluid  which  have 
-been  collected  from  tliis  vessel  by  Colin  and  others,*  give 
no  idea  of  the  quantity  of  chyle  absorbed  from  the  intes- 
tinal canah  We  cannat,  thereforej  attempt  even  to  give  an 
approximate  estimate  of  absolute  quantity  of  chyli*;  but  it  ia 
evident  that  this  is  variable,  depending  upon  the  nature  of 
the  food  and  the  quantity  of  liquids  ingested. 

Like  the  lymph,  the  chj  le,  when  removed  from  the  ves- 
sels, speedily  undei^oes  coagulation.  Different  specimens 
of  the  fluid  vary  very  much  as  regards  the  rapidity  with 
wliich  coagulation  takes  place.  The  contents  uf  the  thoraeic 
duct  taken  from  the  inferior  animals  generally  coagulates  in 
a  few  minutes-   The  first  |3ortion  of  the  fluid  collected  from 

*  CdLUf.  0^.        tOlBG  ill  p.  7. 

*  Lm.  di, 
■  Op.  €iL,  p.  8, 

*  TrEDEMANjr  IT  Gmelik,  Rtehereh^  Estphim^^Salct  Phy^f^h^ifmm  ii 

*  «ei*  pit^  sot. 
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the  human  subject  by  Dr.  Eees  (the  chyle  was  collected  in 
this  case  in  two  portions)  coagulated  in  an  hour.*  Received 
into  an  ordinary  glass  vessel,  the  chyle  generally  separates 
more  or  less  completely  after  coagulation  into  clot  and 
serum,  the  density  and  size  of  the  clot  indicating  the  pro- 
portion of  fibrin.  The  serum  which  thus  separates  is  quite 
variable  in  quantity,  and  is  never  clear.  Its  milkiness  does 
not  depend  entirely  upon  the  presence  of  particles  pf  emul- 
sified fat,  and  it  is  not  rendered  transparent  by  ether ;  it 
contains,  in  addition  to  these  particles,  numerous  leucocytes 
and  organic  granules. 

Numerous  observations  have  been  made  with  reference 
to  the  influence  of  different  kinds  of  food  upon  the  chyle ; 
but  these  have  not  been  followed  by  any  definite  results  that 
can  be  applied  to  the  human  subject.  It  is  usual  to  find  the 
chyle  fluid  in  the  lacteals  and  the  thoracic  duct  for  many 
hours  after  death ;  but  it  soon  coagulates  upon  exposure  to 
the  air.  Although  the  entire  lacteal  system  is  sometimes 
found,  in  the  human  subject  and  in  the  inferior  animals,  filled 
with  perfectly  opaque  coagulated  chyle,*  the  fluid  does  not 
often  coagulate  in  the  vessels. 

Compomtion  of  the  Chyle, — Analyses  of  the  milky  fluid 
taken  from  the  thoracic  duct  during  full  digestion  by  no 
means  represent  the  composition  of  pure  chyle ;  and  it  is 
only  by  collecting  the  fluid  from  the  mesenteric  lacteals,  that 
it  can  be  obtained  w^ithout  a  very  large  admixture  of  lymph. 
In  the  human  subject,  it  is  rare  even  to  have  an  opportunity 
of  taking  the  fluid  from  the  thoracic  duct  in  cases  of  sudden 
death  during  digestion  ;  and  in  most  of  the  inferior  animals 
which  have  been  operated  upon,  it  is  difficult  to  obtain  fluid 
trom  the  small  lacteals  in  quantity  sufficient  for  accurate 

*  Rees,  On  ihe  Chemical  Analyii*  of  the  CotUerUa  of  the  Thorcunc  Dud  in  the 
Bm/utn  Subject — FhUoeophiccd  Transaciione^  London,  1842,  p.  82. 

*  Cruiksiiank,  Tlie  A-natomy  of  the  Absorbing  VesteU  of  the  Hunuin  Body^ 
London,  1790,  p.  101. 
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analysis.  In  operating  npon  tlie  ox^  liowever,  Colin  lias  sue- 
ceeded  in  collecting  pur©  ebyle  in  considerable  quantity.  In 
tliis  animal,  the  lacteals  are  not  oumeronsj  bnt  are  of  conitid- 
erable  bi^sgj,  and  unite  into  a  large  trunk  wliteh  follows  the 
ijourse  of  the  mesenteric  artery  and  vein.  On  iutrodueiDg,  in 
the  living  aminal,  a  tube  into  this  trunk  or  into  one  of  ita 
large  tributaries^  a  considerable  quantity  of  fluid  may  be  oo^ 
leeted  in  a  vm*  few  minutes. 

The  chj'Ie  of  the  ox,  collected  in  this  way  by  Colin,  was 
examined  by  Lassaigoe,  but  unfortunately  no  complete  anal- 
ysis was  made.  The  fluid  contained  1*^  parts  per  1,000  of 
dried  fibrin,  which  was  double  the  quantity  tbund  in  the 
fluid  from  the  thoracic  duct  of  the  same  ruminant.  The 
semm  contained  952*1  parts  of  wat«r  and  parts  of  solid 
mattere^ — ^albumen  and  salts/  Although  the  analysis  o(  tliis 
fluid  was  not  completed,  it  evidently  contained  all  tiie  organic 
and  inorganic  principles  which  exist  in  pure  Ijmph  and  in 
the  contents  of  the  thoracic  duct*  Remembering,  then,  that 
even  during  tlie  period  of  greatest  acti\nt3^  in  the  absorption 
of  alimentary  matters,  tlie  contents  of  the  thoracic  duct  con- 
sist largely  of  Ivmph,  we  must  take  the  analyses  of  tliis  mix 
fluid  as  our  only  data  for  forming  an  approximative  estimate 
of  tlie  proportions  of  the  various  constituents  of  the  chjle^ 
It  must  be  borne  in  mind^  also^  that  the  composition  of  thf 
chyle  is  constantly  varying  with  the  diet  As  we  have  al- 
ready shown  in  treating  of  absorptioUj  many  of  the  aliments 
ary  principles  may  be  actually  recognized  in  the  fluid  ob- 
tained from  the  lactcals  during  digestion  and  absoi-ption/ 

Tlie  niOi^t  complete  analysis  of  chyle  from  the  human 
Hubject  is  given  by  Dr.  Rees,*  The  fluid  was  taken  from  the 
thoracic  duct  of  a  vigorous  man,  a  litthi  more  than  an  hour 

*  Colin,  Traiii  <fc  Vomparie  Animavis  Dmnsitique*,  PlMi% 
1S5(V^  tome  ii.,  p*  1 

*  page  44&  dAfq. 

*  Em^  On  the  Ch^nitrsl  Anal^h  iyf  the  Cmttcn(9  fff  thi  Th0rm&  Ihid  m  lAi 
Utumt  Subjeef^—Phihrnphieftl  T^^nna^Hont^  London,  1S43,  p.  81  tff  m^. 


COMPOSITION  OF  THE  CHYLE. 


535 


after  his  execution  by  hanging.  The  subject  was  apparentlj 
in  perfect  health  up  to  the  moment  of  his  death.  The  evening 
before,  he  ate  two  ounces  of  bread  and  four  ounces  of  meat. 
At  seven  o'clock  a.  m.,  precisely  one  hour  before  death,  he 
took  two  cups  of  tea  and  a  piece  of  toast ;  and  he  (&ank  a 
glass  of  wine  just  before  mounting  the  scaffold.  When  the 
dissection  was  made,  the  body  was  yet  warm,  although  the 
weather  was  quite  cold.  The  thoracic  duct  was  rapidly 
exposed  and  divided,  and  about  six  fluidrachms  of  milky 
chyle  were  collected.  The  fluid  was  neutral,  and  had  a  spe- 
cific gravity  of  1,024.  The  following  was  its  proximate  com- 
position : 

Ccmposition  of  Human  Chyle  from  the  Thordcic  Duct. 


Water   9048 

Albumen,  with  traces  of  fibrinous  matter   70*8 

Aqueous  extractive   6*6 

Alcoholic  extractive,  or  osmazome  • . .  •  6*2 

Alkaline  chloride,  carbonate,  and  sulphate,  with  traces  of  alkaline 

phosphates  and  oxides  of  iron   4*4 

Fatty  matters   9*2 


1,000-0 

Of  the  constituents  of  the  chyle  not  given  in  the  ordinary 
analyses,  the  most  important  are  the  urea,  which  is  derived 
exclusively  from  the  lymph,  and  sugar,  coming  from  the  sac- 
charine and  amylaceous  articles  of  food  during  the  digestion 
of  these  principles. 

The  difference  in  chemical  composition  between  the  un- 
mixed lymph  and  the  chyle  is  very  well  illustrated  in  a  com- 
parative examination  of  these  two  fluids  taken  from  a  don- 
key. The  fluids  were  collected  by  Mr.  Lane,  the  chyle  being 
taken  from  the  lacteals  before  reaching  the  thoracic  duct. 
The  animal  was  killed  seven  hours  after  a  full  meal  of  oats 
and  beans.  The  following .  analyses  of  the  fluids  was  made 
by  Dr.  Rees :  * 

'  Rxn,  On  ChyU  and  Lymph. — London  Medical  Oaxette^  1841,  vol.  xxvii.,  p. 
547 ;  and  Lime,  Lymphatie  and  Lacteal  Sytiem. — Cydopaedia  of  Anatomy  and 
Fhynohgy,  London,  1839-1847,  vol.  ill,  p.  223. 
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ComposUion  of  Chyle  and  Lymph  hefore  re^chin^  (h^  I%o- 


raeia  Duct, 

Water   »e*S« 

Albiimtnous  mutter.  ,  85' 1 0  12*00 

Fibriooufl  matter  ,   3*70  1'20 

Aliimal  eitfttctWe  matter  Aoluble  in  water  ftnd  aloohoL  S*32  2-40 

Animal  extrocttve  matter  soluble  In  wat^r  oiilj , ,  ^  * .  1 2*33  13*ltf 

Fatty  Rwitar   ;*ft-01  atJ»ce 


g^j^    I  Alkulme  cbloiide;^  suJpbate  and  carboaate,  with  ^  ^.^^ 
I       traoea  of  alk&Liae  plioapbatc,  Q3d4a  of  iroHf  f 

1,000-00  l,00()^i 

The  above  analysis  sUows  a  very  marked  difference  in  tbe 
proportion  of  solid  con&titQetitB  in  tlieae  two  fluids.  Tbe 
chyle  contains  about  the  same  proportion  of  albumen  arid 
tibiin  aa  the  lymphj  and  a  much  larger  pn^portion  of  salts. 
The  proportion  of  fatty  matters  in  the  chjle  is  very  great, 
while  in  the  Ij^mph  there  exist*  only  a  traee, ' 

The  individual  constituents  of  the  ehyle  giv^en  in  tkt 
above  tables  do  not  demand  any  farther  consideration  thau 
tliey  have  already  ret^eived  under  the  head  of  lymph*  Tlie 
alhuminoid  matters  are  in  part  derived  from  the  food,  and  in 
part  from  the  blood,  thmugh  the  admixture  of  the  chyle 
witli  lymph.  The  fatty  mattei^  are  derived  in  graatest  part 
from  the  foc»d.  As  lar  aa  has  been  ascertained  by  analyiies  of 
the  chyle  for  salts,  this  fluid  has  been  found  to  contain  G88en- 
tially  the  same  inoi^auio  cooBtituents  as  the  plasma  of  the 
blood.  AH  of  these  priiiciplea  are  rapidly  poured  into  the 
blood,  where  they  a^^iat  in  supplying  the  material  which  m 
being  constantly  consumed  in  the  process  of  nutrition. 

*  Tbe  proportluu  offi^t  glren  in  IhU  analysis  of  ttke  chrle  is  &^<:n  greater  tbia 
the  proportion  ^vea  by  Naaae  in  an  analysis  of  the  chyle  of  the  caL  irhicli  k 
very  aotiimonly  quoted  as  a  spe^^imen  of  eliyle  eitrdorilkiatiiy  deh  in  &tiy  mat* 
ter^.  The  proWbk  esplanatLon  of  the  largts  proportion  of  fat  fi>und  by  JUmm  U 
that  the  Utild  was  taken  from  the  lactciils^  and  waa  not  mixed  whh  lymph  Lu  tht 
thoradc  duct  The  proportion  of  fat  in  the  aiuUjais  made  by  Kaaae  waa  12^ 
parta  per  l,00i>.    (N^ASjm,  Ch^m — ^AQ^sa^^s  MandiffSrigrbtnih  dtr 
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The  presence  of  sugar  in  the  chyle  was  first  mentioned 
by  Brande,  who  described  it,  however,  rather  indefinitely.* 
Glucose  was  distinctly  recognized  in  the  chyle  by  Trommer,* 
and  its  existence  in  many  of  the  higher  orders  of  animals  has 
since  been  ftdly  established  by  Colin.' 

Microscopical  Cha/ractera  of  the  Chyle. — The  milky  ap- 
pearance of  the  chyle  as  contrasted  with  the  lymph  is  due  to 
the  presence  of  an  immense  number  of  excessively  minute  fatty 
granules.  The  liquid  becomes  much  less  opaque  when  treated 
with  ether,  which  dissolves  many  of  the  fatty  particles.  In  fact, 
the  chyle  of  the  thoracic  duct  is  nothing  more  than  lymph  to 
which  an  emulsion  of  fat  in  a  liquid  containing  albuminoid 
matters  and  salts  is  temporarily  added  during  the  process  of 
intestinal  absorption.  The  quantity  of  fatty  granules  in  the 
chyle  varies  considerably  with  the  diet,  and  generally  dimin- 
ishes progressively  from  the  smaller  to  the  larger  vessels,  on 
account  of  the  constant  admixture  of  lymph.  The  size  of 
the  granules  is  pretty  uniformly  from  to  yai^T  of 

inch.*  They  are  much  smaller  and  more  uniform  in  size  in 
the  lacteals  than  in  the  cavity  of  the  intestine.  Their  con- 
stitution is  not  constant ;  and  they  are  composed  of  the  dif 
ferent  varieties  of  fat  which  are  taken  as  food,  mixed  to- 
gether in  variable  proportions.  This  fact  was  well  illustrated 
in  the  experiments  of  Bouchardat  and  Sandras,  who  even 
detected  certain  peculiar  kinds  of  fat  which  had  been  fed  to 
dogs,  in  the  contents  of  the  lacteals  and  the  thoracic  duct* 

*  BRANDEf  Chemical  Researches  ft  the  Blood  and  some  olhtr  Animal  Ftuids.-^ 
Fhiloscphical  IVansacHons^  London,  1812,  p.  96. 

*  Tromm KR,  Unterseheidung  von  Gummiy  Dextrin^  Traubenzucker^  wid  JRohr- 
gueker. — Annalen  der  Chemie  und  Pharmacie^  Heidelberg,  1841,  Bd.  xxxix., 
S.  860. 

*  Colin,  Be  V  Oriffine  du  Sucre  corUenu  datis  le  Chyle. — Journal  de  la  Physi- 
olo^Sy  PariB,  1858,  tome  i.,  p.  539  et  seq. 

*  LiTTiu^  BT  Robin,  Dictionnaire  de  midecine^  Paris,  1878,  article,  Chyle. 

»  Bouchardat  et  Sandras,  Recherches  snr  la  dige^ion  et  Passimi/aiion  des 
corps  gras. — Armuaire  de  theHpeutique^  Paris,  1845,  p.  242  d  seq. 
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The  ordinary  corpuscular  elements  of  the  lymph — leuoo- 
4^jtm  and  globulins — are  also  found  in  rariable  quantity  in 
the  chyle.   These  have  already  been  fully  considered, 

MovemmU  of  tha  Lymph  and  M«  Chyle. 

Compared  with  the  current  of  blood,  the  moYemente 
the  lymph  and  chyle  are  feeble  and  irregular ;  and  the  eh 
acter  of  these  movements  is  euch  that  they  are  evidently  due 
to  a  variety  of  caueog.  As  regards  those  element*  which  are 
derived  directly  from  the  blood,  the  lymph  may  be  Baid  to 
undergo  a  true  circulation  ;  inasmuch  as  there  is  a  constant 
transudation  at  the  peripheral  portion  of  the  vascular  gystem 
of  fluids  which  are  returned  to  the  circulating  blood  by  the 
eommunicatious  of  the  lymphatic  system  with  the  great 
veins.  But  we  have  seen  that  the  lyniph  is  not  derived  en- 
tirely from  the  blood,  a  con.siderable  portion  resulting  from 
interstitial  absorption  in  the  general  Ijmpliatic  system,  and 
from  the  absorption  of  certain  nutritive  matters  by  the  cliy- 
liferous  vessekp  These  are,  physiologically,  the  most  impor- 
tant constituents  of  the  lymph  and  chyle ;  and  they  are 
taken  up  simply  to  be  carried  to  the  blood,  and  do  not  pass 
agfiin  from  the  general  vascular  system  into  the  lym- 
phatics. 

As  far  as  the  mode  of  origin  of  the  lymph  and  chyle  has 
any  bearing  upon  the  movements  of  th^  fluids  in  the 
lymphatic  vessek,  tbere  is  no  ditference  between  the  imbibi- 
tion of  new  materials  from  the  tissues  or  from  the  intestinal 
canal,  and  the  transudation  of  the  liquid  portions  of  the 
blood  ;  for  the  mechaniBm  of  the  pagsage  of  liquidsa  from  the 
blood-vessels  is  such  that  the  motive  power  of  the  blood  ca::- 
not  be  felt.  An  illustration  of  this  is  in  the  mechanism  of 
the  transudation  of  the  liquid  portions  of  the  secreUons.  The 
force  with  which  fluids  are  discharged  into  the  ducts  of  the 
glands  is  enormous,  and  is  independent  of  the  action  of  th 
heart;  being  due  entirely  to  the  force  of  transudation  an 
eeeretion,    This  is  combined  with  the  foree  of  imbibitictn, 


MOVEMENTS  OF  THE  LYMPH  AND  THE  CHYLE,  539 

and  with  it  forms  one  of  the  important  agents  in  the  move- 
ments of  the  lymph  and  chyle. 

These  movements  are  studied  with  great  diflSeulty.  One 
of  the  first  peculiarities  to  be  observed  is,  that  under  normal 
conditions,  ihe  vessels  are  seldom  distended  ;  and  the  quan- 
tity of  fluid  which  they  contain  is  subject  to  considerable 
variation.  As  far  as  the  flow  in  the  vessels  of  medium  size 
is  concerned,  the  movement  is  probably  continuous,  subject 
only  to  certain  momentary  obstructions  or  accelerations  from 
various  causes.  But  in  the  large  vessels  situated  near  the 
thorax,  and  in  those  within  the  chest,  the  movements  are  in 
a  marked  degree  remittent,  or  may  even  be  intermittent. 
All  experimenters  who  have  observed  the  flow  of  lymph  or 
chyle  from  a  fistula  into  the  thoracic  duct  have  noted  a  con- 
stant acceleration  with  each  act  of  expiration ;  and  an  im- 
pulse synchronous  with  the  pulsations  of  the  heart  has  been 
frequently  observed. 

The  fact  that  the  lymphatic  system  is  never  distended, 
and  the  existence  of  the  numerous  valves  by  which  diflerent 
portions  may  become  isolated,  render  it  impossible  to  esti- 
mate the  general  pressure  of  fluid  in  these  vessels.  This  is 
undoubtedly  subject  to  great  variations  in  the  same  vessels  at 
different  times,  and  in  diflFerent  parts  of  the  lymphatic  sys- 
tem. It  is  well  known,  for  example,  that  the  amount  of  dis- 
tension of  the  thoracic  duct  is  exceedingly  variable,  its  capa- 
city not  infrequently  being  many  times  increased  during 
active  absorption.  At  the  same  time  it  is  diflicult  to  attach 
a  manometer  to  any  part  of  the  lymphatic  system  without 
seriously  obstructing  the  circulation,  and  consequently  ex- 
aggerating the  normal  pressure.  But  the  force  with  which 
liquids  penetrate  these  vessels  is  very  great.  This  is  illus- 
trated by  the  experiment  of  ligating  the  thoracic  duct ;  for 
after  this  operation,  unless  communicating  vessels  exist  by 
which  the  fluids  can  be  discharged  into  the  venous  system, 
their  accumulation  is  frequently  sufficient  to  rupture  the 
vessel. 


The  general  mpiditj  of  the  current  in  the  lymphatic 
FesseU  has  neTcr  been  accurately  estimated.  As  a  natural 
consequence  of  the  variations  in  the  distention  of  these  Yes- 
eels  j  the  rapidity  of  the  eireiilation  mmt  be  subject  to  con- 
Btant  modifications,  Bcclardy  inaking  his  calculation  from 
the  experiments  of  Colin,  who  noted  the  quantity  of  fluid  dis- 
charged in  a  given  time  from  fietulous  openings  into  tlie 
thoracic  ducty  estimates  that  the  rapidity  of  the  flow  in  thia 
vessel  is  about  one  inch  per  Becond/  This  estimate,  how- 
ever, can  be  only  approximative ;  and  it  is  evident  that  tlie 
flow  must  he  much  less  rapid  in  the  vassels  near  the  pe- 
riphery than  in  the  large  trunks,  as  tlie  liquid  moves  in  a 
Bpace  which  liecomes  rapidly  contracted  as  it  approaches  the 
openings  into  the  venous  system. 

Carney  of  the  Mmemmte  of  the  Ltfmph  and  CkyU* 

TariouB  influences  combine  to  produce  the  movements  of 
fluids  in  the  lymphatic  system,  some  being  constant  in  their 
operation,  and  others  intermittent  or  occasionah  These  will 
be  considered^  as  nearly  as  possible,  in  Uie  order  of  their  rel- 
ative importance. 

Influence  of  the  Forces  of  Endmmosk  mid  Transudaiian 
(titfi  a  iergo), — The  forces  of  endosmosis  and  transudation  are 
undoubtedly  the  main  causes  of  the  lymphatic  eircmlation, 
more  or  less  modified,  however,  by  influences  which  may 
accelerate  or  retard  the  cun^nt ;  but  this  action  is  capable  in 
itself  of  producing  the  regular  movement  of  the  lymph  and 
chyle.  It  is  a  ibree  which  is  in  constant  activity,  as  is  seen 
in  cases  of  ligation  of  the  thoracic  duct,  an  operation  which 
rauBt  finally  abolish  all  other  forces  which  aid  in  producing 
the  lymphatic  circulation.  When  tbe  receptaeulum  chyli  k 
ruptured,  as  a  consequence  of  obstruction  of  tlie  thoracic  duct, 
the  vessel  giv;^  way  as  the  result  of  the  constant  endogmotio 
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action,  in  the  same  way  that  the  exposed  membranes  of  an 
e^  may  be  ruptured  by  endosmosis,  when  immersed  in 
water. 

We  have  already  alluded  to  the  influence  of  transudation 
from  the  blood-vessels,  and  compared  it  to  the  force  with  which 
the  secretions  are  discharged  into  the  ducts  of  the  glands ;  and 
in  placing  this,  with  the  force  of  endosmosis,  at  the  head  of  the 
list  of  the  agents  which  eflect  the  lymphatic  circulation,  its 
importance  is  not  over-estimated.  This  conclusion  can  hardly 
be  avoided,  when  we  consider  the  anatomy  of  the  lymphatic 
system.  The  situations  in  which  the  endosmotic  force  ori- 
ginates are  at  the  periphery,  where  the  single  homogeneous 
wall  of  the  plexus  is  excessively  thin,  and  the  extent  of 
absorbing  surface  is  enormous.  If  liquids  can  penetrate  with 
such  rapidity  and  force  through  the  walls  of  the  blood-ves- 
sels, where  their  entrance  is  opposed  by  the  pressure  of  the 
fluids  already  in  their  interior,  they  certainly  must  pass  with- 
out difficulty  through  the  walls  of  the  lymphatics,  where 
there  is  no  lateral  pressure  to  oppose  their  entrance,  except 
that  produced  by  the  weight  of  the  column  of  liquid.  This 
pressure  is  readily  overcome ;  and  the  numerous  valves  in 
the  lymphatic  system  efiectually  prevent  any  backward  cur- 
rent. Every  particle  of  liquid  that  passes  into  the  lymphat- 
ics by  endosmosis  or  by  transudation,  produces  movement  by 
displacing  an  equal  bidk  of  liquid  contained  in  the  vessel. 
We  observe  with  the  microscope  the  rapid  filling  and  rup- 
ture of  microscopic  cells  when  immersed  in  water ;  and  the 
rough  experiments  by  which  the  operation  of  endosmosis  is 
ordinarily  illustrated,  in  which  the  extent  of  endosmotic  sur- 
face is  infinitely  small  compared  with  the  lymphatic  system, 
exhibit  a  current  of  considerable  force  and  rapidity.  When 
we  remember  that  the  infinitely-numerous  lymphatic  radi- 
cles are  bathed  in  fluids,  which  undoubtedly  pass  into  their 
interior  with  great  facility,  and  compare  the  probable  extent 
of  this  endosmotic  surface  with  the  diameter  of  the  thoracic 
duct,  we  can  hardly  be  surprised  that  this  force  should  be  ca- 
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pable  of  producing  a  movement  in  the  great  truok  at  tlie  rate 
of  an  inch  per  secondp  The  great  elastieitj  of  the  vad!*ek 
and  tlie  fact  that  they  are  never  completely  filled  allow  of 
L'onsiderable  disteusion  of  isolated  portions  of  the  lymphatic 
riystem,  when  there  is  any  obstruction  to  the  enrrent  that  is  not 
readily  overcome.  In  tliis  way  we  account  for  the  variadam 
ill  the  flow  of  the  lymph  and  chyle  which  are  of  such  eoQ- 
stant  occurrence, 

Influe7\€e  of  tlw  ContrdcUle  Walh  of  the  Vemds. — In 
treating  of  the  anatomy  of  the  IjTiiphatic  system,  it  has 
already  been  observed  that  the  large  vessels  and  those  of 
medium  6jze  are  provided  with  un&triped  muiscular  fibnesi 
and  are  endowed  with  contractility/  This  fact  has  been 
demonstrated  by  physiological  as  well  as  anatomical  investi- 
gations. Eeclard  states  that  he  has  often  produced  contrac- 
tions of  the  thoracic  duct  by  the  application  of  the  two  poled 
of  an  inductive  apparatus.^  It  is  not  uncommon  to  see 
the  lacteals  become  reduced  in  size  to  a  mere  thready  even 
while  under  observation.  Although  ex])eriments  have  gen- 
erally failed  to  demonstrate  any  regular  rhythmical  contrac- 
tions in  the  lymphatic  eystera,*  it  is  probable  that  the  yessela 
contract  xipuu  their  coDteotSj  when  they  are  unusually  dis- 
tended^ and  thus  asaist  the  circulation,  tlie  action  of  tlie 
valves  opposing  a  regurgitating  current.  This  action^  how- 
ever,  cannot  have  any  considerable  and  regular  infiuenca 
upon  the  general  current/ 

*  See  page  437, 

*  BfiCLAHDf  Tmii^  tUmtntairt     Fhtfaioloffie  Ilumaini^  Paria,  1859,  p.  17 T. 

'  Colin  Ia  quoted  &a  bftrmg  obfiC'rveci  rhvthmiciU  contracUons  in  ilie  iiie«^ 
teric  IjmpbalJts  in  the  Ox ;  bot  as  far  m  we  know^  his  eipemnents  have  not  been 
published.  (LadepAj  S^me  Z^jphoHqutf  C&un  da  Chyfe  tie  ta  L^pA^^ 
rnns,  lasa,  p.  51) 

*  in  dome  of  the  bwcr  vertebrate  auimula,  in  which  the  IjiDplmtie  Ti«R*li 
have  po  rahe^,  there  exist  Reveral  contractile  dllatatioBa,  ur  hi-arti,  wbkfa  mm 
proTiiled  with  valves^  and  which  pulsate  re^^uL^rlj*  Tbeee  were  discorervd  bf 
IffiUet,  iQ  1B32, 10  frctgft,  to«df,  and  Ux&rda.    (Uollkr,  M'aitml  di 
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Injhience  of  Pressure  from  Surrounding  Paris. — Con- 
tractions of  the  ordinary  voluntary  muscles,  compression  of 
the  abdominal  organs  by  contraction  of  the  abdominal  mus- 
cles, peiistaltic  movements  of  the  intestines,  and  pulsations 
of  large  arteries  situated  against  the  lymphatic  trunks,  par- 
ticularly the  thoracic  aorta,  are  all  capable  of  increasing  the 
rapidity  of  the  circulation  of  the  lymph  and  chyle. 

The  contractions  of  voluntary  muscles  assist  the  lym- 
phatic circulation  in  precisely  the  same  way  in  which  they 
influence  the  flow  of  blood  in  the  venous  system ;  and  we 
have  nothing  to  add  regarding  this  action  to  what  has  al- 
ready been  said  on  this  subject  in  connection  with  the 
venous  circulation.*  The  fact  that  muscular  movements 
actually  accelerate  the  flow  of  lymph  has  been  conclusively 
demonstrated  by  Colin,  who  found  that  >vhen  a  tube  was 
introduced  into  any  of  the  lymphatic  vessels  of  the  neck,  in 
the  horse  or  the  large  ruminants,  the  discharge  of  fluid  in  a 
given  time  was  increased  one-quarter,  one-third,  and  even 
one-half,  during  movements  of  mastication.* 

Increase  in  the  flow  of  chyle  in  the  thoracic  duct,  as  the 
result  of  compression  of  the  abdominal  organs,  or  by  knead- 
ing the  abdomen  with  the  hands,  was  observed  by  Magendie,' 
and  the  fact  has  been  confirmed  in  all  recent  experiments 
on  this  subject.  The  same  eflect,  though  probably  less  in 
degree,  is  produced  by  the  peristaltic  contractions  of  the 
intestines. 

When  a  tube  is  introduced  into  the  upper  part  of  the 
thoracic  duct,  it  is  frequently  the  case  that  the  fluid  is  dis- 
charged more  forcibly  witli  each  pulsation  of  the  heart. 

Paris,  1861,  tome  i.,  p.  208  ;  and  Poooendorff's  Annalen,  der  Physick  und  Che- 
mie,  Leipzig,  1832,  Bd.  xxr.,  S.  511) 

*  See  vol.  i.,  p.  8 1*7  et  seq.y  and  page  325  et  scg.^  for  the  function  of  the 
▼alves  of  the  reins. 

•  Colin,  Traite  de  Physiologie  Compane  dts  Anhnaux  DomesiiqutSy  Paris, 
1866,  tome  ii.,  p.  80. 

■  Maoendie,  Precis  ilementaire  de  PhysioJoffie^  Paris,  1836,  tome  ii.,  p. 
183. 
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Tliis  was  frequently  obaarved  by  Dalton  m  his  experlmeuta 
on  the  tlioraeic  duct,  and  Le  describes  tlie  jets  as  being 
like  bloixi  coming  ii*0Qi  a  smaU  artery  wben  the  clrculatiaii 
13  some  what  impeded." '  This  impulse  is  due  to  compressiQU 
□f  the  thoracic  duet  as  it  payees  under  the  areh  of  the 
aorta.  Its  influence  upon  the  general  current  of  the 
lymph  and  chyle  is  probably  in&ignificaut,  but  the  fact 
attracted  the  attention  of  Haller,  who  attached  to  it  m 
great  deal  more  importance  than  it  is  now  believed  to 
poBsesg,^ 

Infimnm  of  the  Mavemsnts  Ss^iroMon. — While  the 
vis  a  tergo  mmt  be  regarded  m  by  far  the  most  important 
agent  in  the  production  of  tlie  lymphatic  circulatiun,  the 
movements  of  fluids  in  the  thoracic  duct  receive  constant  atid 
imfiortant  aid  from  the  respiratory  aet6»  This  fact  has  long 
been  recognized;  and  in  the  works  of  Ilaller  will  be  fuuud  a 
fuU  diaea^on  of  the  influence  of  the  diaphnigni  and  the 
raovementfi  of  the  thorax  upon  tlie  circulation  of  chyle/  The 
observations  of  Colin  on  this  subject  are  nio»t  valuable,  as 
he  was  the  first  to  snccesafully  establish  a  fistula  into  the 
thoracic  duct  in  large  anhnal^,  lie  always  found  a  marked 
i^mittency  in  the  flow  of  chyle  from  a  fistula  into  tlie  tho- 
racic ductj  which  was  absolutely  synchronous  with  the  move- 
nients  of  respiration*  With  each  act  of  ex|>iration3  the  fluid 
was  forcibly  ejected,  and  with  inspiration,  the  flow  was  very 
much  diminished  or  even  arrestaL  The^  impulses  became 
much  more  marked  wlieu  raspiration  was  interfered  with  and 
the  efibrtfi  became  violent.  The  intermittency  of  the  cur- 
rent was  sometimes  so  decided,  that  t!ie  pulsations  were  re- 
peated in  a  long  elastic  tube  attached  to  the  canula  for  the 

*  Daltoh,  Ltduret  on  tAe  Ph^u^off^  of  the  Ciri!uhthH,—Amtrk^nM[ 
MontM^  mtdiVrw  York  J^evfm^  December,  I860,  p.  4 Id* 

*  Oalliii,  EUniefUa  Phymoti^i^  (krp^rU  Mumanif  Bern*,  17BB,  tomiu  fiL, 
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purpose  of  collecting  the  fluid.*  These  observations  were  con- 
firmed by  Dalton,  who  noted  the  interesting  fact,  that  in  ani- 
mals poisoned  with  woorara,  in  which  artificial  respiration 
was  continued  by  insufflation,  the  phenomena  were  reversed ; 
the  abundant  discharge  then  took  place  with  insufflation, 
when  the  parts  contained  in  the  thorax  were  compressed  by 
the  distended  lungs,  and  in  the  intervals,  the  flow  became 
scanty  or  ceased.* 

The  amount  of  influence  exerted  by  the  respiratory  move- 
ments upon  the  flow  of  the  lymph  and  chyle  can  be  best  ap- 
preciated by  examining  carefully  the  mechanism  of  its  oper- 
ation. 

With  each  act  of  inspiration,  all  the  liquids,  as  well  as 
the  air,  are  drawn  toward  the  cavity  of  the  thorax.  In 
this  way,  the  thoracic  duct  is  dilated  and  then  becomes 
most  distended  with  fluid.  At  the  same  time,  the  flow  of 
lymph  from  the  right  lymphatic  duct  into  the  right  subcla- 
vian vein  is  increased.  After  the  thoracic  duct  has  been  thus 
dilated  in  inspiration,  at  the  moment  of  expiration,  in  com- 
mon with  all  the  other  parts  contained  within  the  thorax,  it 
undergoes  compression ;  the  valves  prevent  the  reflux  of  its 
contents,  and,  as  a  necessary  consequence,  the  fluid  is  tlien 
discharged  with  increased  force  into  the  left  subclavian  vein. 
It  can  be  readily  understood  how  the  act  of  inspiration,  while 
it  has  a  tendency  to  fill  the  thoracic  duct  from  below,  op- 
poses the  discharge  of  fluid  from  a  fistula. 

From  all  these  considerations,  it  is  evident  that,  although 
there  are  many  circumstances  capable  of  modifying  the 
currents  in  the  lymphatic  system,  the  regular  flow  of  the 
lymph  and  chyle  depends  chiefly  upon  the  vis  a  tergo ;  but 
tlie  vessels  themselves  sometimes  undergo  contraction,  and 
they  are  subject  to  occasional  compression  from  surround- 
ing pails,  which,  from  the  existence  of  numerous  valves  in 

'  Colin,  Traile  de  Phytioloffie  Comparee  des  Anhnaux  Domestiquetf  Paris, 
1866,  tome  it,  p.  90. 

•  Dalton,  op.  city  p.  416. 


546 


ABSORPTION. 


the  vessels,  must  favor  the  current  toward  the  venous  system. 
The  alternate  dilatation  and.compression  of  the  thoracic  duct 
with  the  acts  of  respiration  is  likewise  an  aid  to  the  circula- 
tion, and  is  more  efficient  than  any  other  force,  except  the  vU 
a  tergo.  The  action  of  the  valves  is  precisely  the  same  in 
the  lymphatic  as  in  the  venous  system. 
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Diastase  (note;,   59 

 animal,   179 
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Difiuaiou  of  liquids,  489 


550 


INDEX. 


TAam 
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 influence  of  the  nervous  sys- 
tem upon,   283 
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 vegetable,   51 
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Fibrin-peptone,  261 

Fisheis,  used  as  food,   82 

Flavoring  articles,   100 

Food  (see  aliment),   44 

Frogs,  used  as  food,   84 

Fruits,   100 

Frying,  in  the  preparation  of 
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Game,  74-76 
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canal,  410 
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 absorption  of,  in  the  intes- 
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 mode  of  collecting  from  a 
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of  the  stomach,   229 

—  quantity  of,  secreted  in  the 
twent^'-four  hours,  230 

-^—composition  of,   232 

 specific  gravity  of,  233 

 power  of  resisting  decompo- 
sition and  antiseptic  properties 
of,   .234,  267 

—  chemical  analysis  of,  in  the 
dog,   284 

 organic  principle  of,   236 

 source  of  acidity  of,  237 

 chlorohydropeptic  acid  in,. .  242 

 lactic  acid  in,   243 

—  acid  phosphate  of  lime  in^ . .  246 
 action  of,  upon  carbonate  of 

lime,   248 

 principles  upon   which  its 

acidity  depends,   248 

ordinary  saline  constituents 
of.  .*  249 
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Gastric  juice,  digestive  properties 
of,  depend  on  the  presence  of  or- 
ganic matter  and  a  free  acid,  261, 268 

 the  normal  acid  of,  may  be 

replaced  by  certain  other  acids,  262 

 mixture  of  mucus  in,   264 

 action  of^  upon  meats,  265 

 action  of^  upon  albumen,  raw 

and  coagulated,  258 

 action  of,  upon  fibrin,  260 

 action  of,  upon  cuseine,. ...  261 

 action  of,  upon  gelatine,. . . .  262 

 action  of,  upon  vegetable  ni- 

trogenized  matters,   262 

 action  of,  upon  gluten,  262 

 catalytic  action  of  267 

 action  of,  upon  fats,   267 

 action  of,  upon  saccharine 

and  amylaceous  principles  268 

 action  of,  upon  inorganic 

principles,   270 

 action  of,  upon  the  coats  of 

the  stomach,  276 

 influence  of  section  of  the 

pneumogastric  nerves  upon  se- 
cretion of,   284 

Gastric,  or  peptic  glands,   213 

Gelatine,....   48 

 composition  of,   49 

 influence  of,  upon  nutrition,  60 

Globulins  in  the  lymph,  627 

Glottis,  closure  of,  in  deglutition, . .  196 
GIucoFc,  absorption  of,  by  the  lac- 
teals,  446 

Gluten,   62 

 action  of,  as  a  ferment,   63 

 action  of  the  gastric  juice 

upon,  262 

Gluten-bread,   68 

Glutine,   64 

Glycine,   866 

Glycocholic  acid  and  glycocholate 

of  soda,  866 

Goat^s  flesh,  as  an  article  of  food,  73 
Gum,   61 

Hunger,  14-17 

 location  of  sense  of,. ,   18 

 nerves  which  convey  the  im- 
pression of,  to  the  bram,   20 

Hydro-carbons,   64 

Hydrochloric  acid,  question  of  the 
existence  of,  in  the  gastric  juice,  237 

Ileo-csBcal  valve,  886 

Ileum,  8U 
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Imbibition  and  endosmosis,. .  .469-471 

Inanition,   23 

 loss  of  weight  in,   26 

 influence  of  age  upon  loss  of 

weight  in,   26 

 proportionate  loss  in  differ- 
ent parts  of  the  body  in,   27 

 influence  of,  upoi)  the  blood 

and  the  circulation,   28 

 influence  of,  upon  respiration,  29 

 influence  o^  upon  the  animal 

temperature,   29 

 influence  of,  upon  the  ner- 
vous system,   81 

 duration  of  life  in,   31 

 influence  of  age  upon  dura- 
tion of  life  in,   15 

Incisor  teeth,   142 

Inorganic  salts,  absorption  of,  by 

the  lacteala,  446 

Insalivation,   155 

Intestine,  length  of,  134 

Intes^ne,  small,  general  view  of  ar- 
rangement of,   137 

 physiological  anatomy  of,. ..  308 

 dimensions  of,  309 

 divisions  of,   309 

 mucous  membrane  of,   311 

 glandular  structures  of,  313 

 villi  of,  315 

 solitary  glands  and  patches  of 

Peyerin,   319 

 'movements  of,  376,  378,  380 

 causes  of  movements  of,. 378,  380 

 uses  of  gases  in,  379 

 influence  of  the  nervous  sys- 
tem upon  the  movements  of,. . .  381 

 composition  of  gases  of,. . . .  411 

 absorption  in,  421 

Intestine,  large,  physiological  anat- 
omy of,   383 

 peritoneal  coat  of,  386 

 muscular  coat  of,  387 

 mucous  membrane  of,  389 

 ordinary  follicles  of,   389 

 utricular  glands  of,  389 

 closed  follicles  of,  389 

 secretion  of  the  mucous  mem- 
brane of,  390 

 changes  of  the  alimentary 

residue  in,   391 

 contents  of,  393 

 movements  of,  404 

 gases  of,  412 

Intestinal  fistula,  case  of,  in  the 
human  subject,   325 
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Intestinal  juice,  822 

 mode  of  collecting,  822 

 quantity  of,  826 

 reaction  of,  827 

 proportion  of  solid  matters  in,  827 

 glandular  organs  oonoemed 

in  the  production  of,  827 

 composition  oty  in  the  horse,  827 

action  of^  in  digestion,  327 

 action  of,  upon  starch,  828 

 want  of  action  of,  upon  cane- 
sugar,   828 

 want  of  action  of^  upon  fats,  828 

 action  of,  upon  albuminoids,  828 

Inulme,   60 

Iron,   65 

Jejunum,  811 

Lacteals,  485 

 origin  of,  in  the  intestinal 

villi,  817 

 discovery  of,  423 

Lactic  acid,  presence  of,  in  the  gas- 
tric juice,  248 

Legumine,   62 

L^iminous  roots,  leaves,  seeds, 

etc.,   97 

Leucocytes  in  the  lymph,  522 

 development  of,  in  the  lymph 

and  in  a  clear  blastema, . . .  528-527 

Levator  palati  muscle,   185 

Levator  nni,  action  of,  in  defasca- 

tion,  408 

Lichenine,   60 

Taiebcrkiihn,  follicles  of,  814 

Lime,  acid  phosphate  of,  in  the  gas- 
tric juice,   245 

Lingual  glands,   166 

Liquors,  distilled,   110 

 malt,   118 

Lobsters,  used  as  food,   85 

Lymph,  608 

 mode  of  obtaining  508 

 quantity  of,   510 

 general  properties  of.  511-518 

 coloration  of,  after  discbarge 

fix)m  the  vessels,  512 

 presence  of  red  blood-corpus- 
cles in,  512 

 coi^ulation  of^  518 

 composition  of,  514-521 

 presence  of  sugar  in,. .  ..520,  587 

 presence  of  urea  in,  520,  628 

 effects  of  abstinence  upon 

the  constitution  of,  52] 
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Ljniph,  differenoefl  in  the  composi- 
tion of,  in  different  yessels,. . . .  622 

 corpuscular  elements  of, ... .  522 

 origin  of,  627 

 function  of,  628 

Ljrmph  and  chyle,  comparative 

composition  of,  636 

 movements  of,  588-640 

 influence  of  the  forces  of  en- 

dosmosis  and  of  transudation 

on  the  movements  of,  540 

 influence  of  the  contractile 

walls  of  the  vessels  on  the 

movements  of,  542 

 influence  of  pressure  from 

surrounding  parts  on  the  move- 
ments of,  648 

influence  of  the  movements 
of  respiration  on  the  move- 
ments of^  644 

Lymphatics,  discovery  of,  425 

 physiological  anatomy  o^ . . .  427 

 mode  of  injection  of,  in  the 

skin,    427 

 relation  of  the  plexus  of  ori- 
gin of,  to  the  blood-vessels,. ...  429 
 diameter  of  vessels  of  ori- 
gin of,  429 

 superfidal  layer  of,  430 

 deep  layer  of,  430 

 valves  of,  431,  438 

 slight  variation  of  size  of,  in 

their  course,  431 

 peculiarities  of,  in  the  brain 

and  spmal  cord,  432,  433 

—  of  the  mucous  system,  432 

 of  the  serous  membranes. ...  433 

 of  the  muscular  system, ....  433 

 of  the  respiratory  system,. ..  433 

 of  the  glandular  system,  433 

—  situations  in  which  they  have 
not  been  demonstrated,  484 

 course  of,  436 

 structure  of,  .  .436-430 

 elasticity  and  contractility 

of,  439 

 question  of  orifices  in  the 

walls  of,  430 

Lymphatic  glands,  number  and 

situation  of,  441 

 course  of  vessels  through, . .  441 

 folUcles  of,  442 

 structure  of,  441 

 arrangement  of  the  lymphat- 
ics in  the  interior  of,  442 

 blood-vessels  of,  443 
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Lymphatic  glands,  nerves  of,  443 

 function  of  444 

Lymph-corpuscles,  522 

 fimction  ofj   527 

Macaroni,   97 

Malt-liquors,   113 

Mannite,  •   61 

Mastication,   138 

  physiological   anatomy  of 

parts  concerned  in,   139 

 muscles  of,   146 

 action  in,  of  muscles  which 

depress  the  lower  jaw,  147 

 action  in,  of  muscles  which 

elevate  the  lower  jaw  and  move 
it  laterally  and  antero-poste- 

riorly,  149 

 action  of  the  tongue,  lips,  and 

cheeks  in,   150 

 summary  of  the  process  of,.  153 

 influence  of,  upon  the  parotid 

secretion,   160 

Maxillary  bone,  superior,   144 

  inferior,   144 

 articulation  of,  with  the  tem- 
poral bone,  145 

Meats,   69 

 from  non-domesticated  ani- 
mals,   74 

 from  animals  killed  before 

maturity,   74 

 action  of  gastric  juice  upon, .  266 

Mercury,  absorption  of,  464 

Merycismus  (see  rumination),  295 

Milk,  as  an  article  of  food,   76 

 composition  of,   77 

Molar  glands,   166 

Mohir  teeth,  142,  148 

MoUusks,  used  as  food,   84 

Mucilages   61 

Mucous  glands  of  the  stomach,. .  214 
Mucus,  mixture  of,  in  the  gastric 

juice,  254 

Muscuhne,   46 

Mussels  used  as  food,   84 

Nitrogen,  comparison  between 
quantity  of,  discharged  and  in- 
gested,  124 

Nitrogenized  alimentary  principles,  45 
Non-nitrogenized  alimentary  prin- 
ciples,   54 

Oatmeal,   91 

(Ei^ophagus,  general  description  of,  1 86 
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(Esophagus,  muscular  fibres  of^  •  •  •  187 

 mucous  membrane  o^   188 

 action  of,  in  dcgiutiUon,. . . .  204 

 intermittent  contractions  of 

the  lower  third  of,  204 

 action  o^  in  vomiting,  SOS 

0U8(8ee£its),   61 

Onions,  ^   99 

Osmazome,   87 

Oysters,  used  as  food,   84 

Palate,  muscles  of^  185 

Pancreas,  physiological  anatomy 

of;  830 

 situation  of  duct  of,  in  the 

rabbit,  846 

 effects  of  destruction  o^. ...  S47 

 cases  of  disorganization  ot; 

in  the  human  subject,  848 

 summary  of  functions  of,.  S67 

Pancreatic  juice,  mode  of  obtain- 
ing the  pure  secretion,  •  882 

 secretion  of,  886 

 composition  of,  838 

 quantity  of,  840 

 decomposition  of,  840 

 reaction  of,  with  chlorine,..  •  341 

 action  of,  in  digestion,  341 

- —  action  of,  upon  fats,. . .  .342-850 

 action  of,  upon  starch,  350 

 action  of,  upon  sugar,  353 

 action  of,  upon  nitrogenized 

principles  354 

Pancreatine,   . .  839 

Panification,   94 

Parotid  gland  (see  galiva),   156 

Parsnips,   99 

Pectme,   60 

Pectose,   60 

Pepsin,   235 

 mode  of  extraction  of,  236 

Peptic  glands,   213 

Peptones,   263 

Peristaltic  movements,  influence 

of  the  bile  upon,  371,  380 

 of  the  small  intestine  (see 

small  intestine),  376 

Perry,   114 

Peyerian  patclies,  anatomy  of,.. . .  319 

 secretion  from,   324 

Pharynx,  general  description  of,..  182 
 muscles  of,   184 

—  mucous  membrane  of,  185 

Pharyngeal  glands,   167 

Phosphate  of  lime,   65 

—  action  of  gastric  juice  upon, .  270 


Piciomd,  366 

Pig's  feet  used  as  food,   76 

Pleural cayity,  absorption  from,. .  457 
Pnenmogastric  nerve,  infloence  of 
section  of;  upon  stomach-diges- 
tion, 284 

Poisons,  absorption  of,  by  the  lac- 
teals,   447 

Pork,   78 

Porter,   US 

PoUto,   98 

 composition  of;   98 

 sweet,   98 

Prehension  of  solids  and  liquids,  137 

Ptyaline,  171 

 action  of;  upon  starch,  1 71 

Pulp-cavity  of  the  teeth,  142 

Pyloric  muscle,   210 

Ration  of  the  United  States  sol- 
dier, 127 

—— the  British  soldier,  126 

Receptaculum  chyli,  discovery  of;  425 

Rectum,  muscular  fibres  of,  S87 

 mucous  membrane  of;  390 

Regurgitation   from   the  stom- 
ach, 292 

Reptiles  used  as  food,   83 

Respiratory  surface,  absoiptioa 

from,..!  455 

Rice,   92 

Roasting,  in  the  preparatioa  of 

food,   gs 

Rumination,  292 

 course  of  the  food  in,  29S 

 in  the  human  subject,   295 

Rye,   91 

Saliva,   155 

 functions  of,   174 

 action  of;  upon  starch,   174 

 action  of  the  pure  secreooo 

from  the  different  glands  upon 

starch,   175 

 mechanical  functions  of, ... .  1 80 

 secretions  from  the  smaller 

glands  of  the  mouth,  tongue, 

and  pharvnx,   166 

Saliva,  mixed,   167 

 excitation  of  secretion  o^ . . .  168 

 quantity  of,   169 

 general  properties  oi;   1 70 

 composition  of,   171 

 reaction  of,  with  the  perchlo- 

ride  of  iron,   172 

Sahva,  parotid,   156 


INDEX. 


555 


PAOl 

SaliTft,  parotid,  mode  of  obtaining 
the  pure  secretion  from  the  hu- 
man subject,   157 

 composition  of^  in  the  human 

subject,  167 

 comparison  of,  vrith  the  mixed 

saliva,  in  the  human  subject,. .  158 

 organic  priuciple  of,   159 

 sulpho-cyanide  in,  159 

 influence  of  masticiition  upon 

the  secretion  of,   160 

 alternation  in  the  secretion 

of,  on  the  two  sides,   160 

 influence  of  gustatory  impres- 
sions upon  the  secretion  of,.. . .  161 

 functions  of,   162 

Saliva,  sublingual,   164 

 general  properties  of,   166 

 secretion  of,   166 

Saliva,  submaxillary,   162 

 composition  and  properties 

of,  163 

 influence  of  gustatory  im- 
pressions upon  the  secretion  of,  164 

Salaify,   99 

Sauerkraut,   99 

Scallops,  naed  as  food   84 

Shrimps,  used  as  food,   85 

Skin,  absorption  from,  451 

 transudation  from,  in  a  bath,  454 

Snails,  used  as  food,   84 

Solitary  glands  of  the  intestine, ...  819 

Soup,  formula  for  making,   87 

Sphincter  of  the  rectum,  internal,  889 

 external,  390 

 ofO'Beime,  407 

Starch,   56 

 proportion  of,  in  different 

vegetables,   56 

 granules  of,   58 

—  tests  for,   58 

 changes  of,  into  dextrine  and 

glucose,   59 

—  principles  resembling,   60 

—  action  of  the  saliva  upon,. .  174 

—  action  of  the  gastric  juice 
upon,   269 

—  action  of  the  intestinal  juice 
upon,  328 

 action  of  the  pancreatic  juice 

upon,   350 

—  summary  of  the  process  of 
digestion  of,   862 

Stercorine,  899 

 extraction  of,   399 

 crystals  of,  400 


Stercorine,  formation  of,  from 
cholesterine,  402 

Stewing,  in  the  prepai-ation  of 
food,   88 

St.  Martin,  ease  of,  223 

Stomach,  physiological  anatomy  of^ 

i35,  '208 

 movements  of,  ,  .IJfO,  287 

 mu^M^uIar  coat  of,  209 

 mucous  membrane  of,  212 

 glandular  apparatus  of,  212 

 character  of  the  glands  in  dif- 
ferent poru  of,  212,  214 

 fistula  into,  220 

 mucous  fjflands  of,  214 

 closed  follicles  of,  217 

 duration  of  digestion  in,. ...  271 

 immunity  of,  from  digestion 

by  the  gastric  juice  during  life,  276 

 existence  of  living  animals  in,  277 

 digestion  of  parts  of  living 

animals  in,  277 

 protection  of  walls  of,  from 

digestion  during  life,  by  the  al- 
kalinity of  the  blood,  

 protection  of  walls  of,  from 

digestion  during  life,  by  the  cat- 
alytic processes  of  nutrition, . . 

 influence  of  section  of  the 

pneuroogastric  nerves  upon  the 

movements  of,  286 

 difference  between  the  mus- 
cular contractions  of,  in  the  car- 
diac and  in  the  pyloric  portion,  290 

 regurgitation  from,  292 

 anatomy  of,  in  ruminating 

animals  (note),  298 

 gases  of,  411 

 absorption  from,  421 

Stomach-glands,  218 

 muscular  fibres  surrounding 

extremities  of,   217 

Stylo-pharyngeus  muscle,   184 

Sublingual  gland  (see  sublingual 

saliva),   164 

Submaxillary  gland  (see  submax- 
illary saliva),   162 

Sugar,  *   65 

 action  of  gastric  juice  upon,  268 

 action  of  pancreatic  juice 

upon,   358 

 presence  of,  in  the  lymph 

and  chyle,  620,  637 

Sulpho-cyanide  in  the  parotid  sali- 
va,  169 

 in  the  mixed  saliva,   1 72 
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Sweet4>ieadft,   76 

Tao-fw},   52 

Taurine,  866 

Taurocholic  acid,  866 

Taurocholate  of  soda,   ...  867 

Tea,  118 

 composition  of,   119 

 varieties  of.   120 

 preparation  of,  for  use,  1 20 

Teeth,  phvsiological  anatorav  of,.. 

139,  142 

 enamel  of,   139 

 dentine,  140 

 cement,   141 

 pulp^rity  of,   142 

 uiies  of  sensibility  of^  in  mas* 

tication,  152 

Temperature,  influence  of,  upon 

endosmosis,  499 

Tenesmus,   408 

Tensor  pidati  muscle,  185 

Terrapins,  used  us  food,   83 

Theine,  119 

Thirst,   21 

—  location  of  Mi>nsation  of^. . ..  22 
 relief  of,  by  immersion  of  the 

body  in  water,  454 

Thoracic  duct,  discovery  of,  422 

 anatomy  of.  435 

 eft'ects  of  oblitoration  of^. . . .  448 

 fitftula  into,  508 

 quantity  of  fluid  obtained 

from  a  fistula  into,   509 

Tongue,  action  of,  in  drinking,. . .  137 

 action  of,  in  mastic-ation, . . .  161 

 action  of,  in  deglutition,. . . .  189 

Tonsils   167 

Transudation,  605 

 influeuce  of  pressure  in  the 

blood-TCPScls  upon,  506 

—  influence  of  the  constitution 

of  the  bl(HKl  up<»n,  506 

Trichina  spiralis,   73 

Tripe,   76 

Turtles,  used  as  food,   83 


I  Urea,  presence  of,  in  the  Ivmph 

j     andchTle,  .'.520,528 

Uvula,  ll>5 

Valves  of  the  lymphatics, . .  .431,  438 

Valvuhe  connirentes,   311 

Velum  pendulum  palati,  

Venison   74 

Venoms,  absorption  of,   465 

Vermicelli,   97 

Villi  of  the  small  intestine,   315 

 contractions  oC   316 

 lacteal  vessels  of,   817 

Viscera,  animal,  used  as  food, ....  76 

Vomitmg,   297 

 passive  condition  of  the  stom- 
ach in,   298 


 action  of  the  diaphragm  and 

the  abdominal  muscles  in^.299,  306 
 from  a  pig's  bladder  substitu- 
ted for  the  stomach  in  a  living 


animal,  299 

 by  a  girl  after  destruction  of 

the  stomach  by  a  corrosive  poi- 
son, *  801 


 impossibility  of,  in  a  case  in 

which  the  stomach  was  extruded 
bv  a  wound  in  the  abdomen, . .  302 

 action  of  the  oesophagus  in,.  803 

 summary  of  the  act  of^  304 

 protection  of  the  glottis  and 

the  posterior  nares  in,  305 

 wavs  in  which  it  may  l)e  in- 
duced,* *  806 

Water,  64,  101 

 quantity  of,  necessary  to  nu- 


trition, 124 

I   absorption  of,  bv  the  lacie- 

'     als,  '  446 

Wheat,   90 

.  Wines,  Ill 

 constituents  of,  112 

 sparkling,  112 

 of  the  United  Stites,  113 

Woorara,  absorption  of,  466 
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1  VOL,  eVO.    CLOTH,  PHICE,  S3.8a 


TRANSLATOR'S  PREFACE. 

Dr*  Steiner^s  book  lias  m^t  with  eucU  marked  EUcctiS  in 
man  J  that  a  second  edition  has  already  appeared,  a  circnaislAiiOi 
which  has  delayed  the  appearance  of  ltd  Eoglish  fomt,  in  order  tiiH 
I  might  be  able  to  give  his  addltiofia  and  correction i,  i 
In  Germany  the  use  of  the  metric  syitem  haa  not  yet  €Btiitlf ' 
superseded  the  local  measares;  but  it  ia  rapidly  doing  so^  m  is 
England.  I  have,  therefore,  rendered  all  thermometric  obiemiiaoi 
ia  the  Centigrade  eeale^  and  all  measurements  in  eenti^  tod  tniili- 
metres. 

I  have  added  as  an  Appendix  the  Rules  for  Hanag^meitt  of 
Infants"  which  have  been  issued  by  the  staflf  of  the  Birmingban 
8ick  Children's  Hospital,  because  I  think  they  h&ve  set  an  exio^ 
by  freely  distributing  these  rules  among  the  poor  for  which  Ui«f 
cannot  be  BuMciently  commended,  and  wMcb  it  would  be  wiie 
other  sick  children's  hospitals  to  follow, 

I  have  also  added  a  few  notes,  chiefly ^  of  oonrse,  rplalliig  to 
the  surgical  ailments  of  ehtldrea. 
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BisictsionAii,  OeUb^, 
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ANSTIE. 
euralgia,  and  JDueasea  which  resemble  ii. 

Bt  FRANCIS  E.  AKSTIE,  If,  D,,     B.  0.  P., 

3«iiiDr  ^»i!ilimt  HhralclAn  to  W^AtmluAter  Bofipltftt ;  Lpctuffcr  on  M^Urlft  MisdIcA  la  Weetmlmt^ 
[lD«piUl  SciiDol  ;  add  Physlqkui  Xo  tha  Evlgn^o  HDSpltuJ  for  UhlkLi^ii  ^  Editor  of  >^Tti« 
PracUUoiior"  (LoodosX  eCc, 

1  Yol,  ISmo.  Clotiii  i2.d0« 

It  I*    nluible  ooDtributlou  to  idefitlfic  in«dlclo9.'*— T^d  Ltpncei  {Londany. 


BARKER. 

The  Puerperal  Diseases,    amkai  z^mres 

delivered  at  MdUvue  MospUai. 

By  FORDYCE  BARKER,  M,  D., 

GBnlnl  Protoorof  Mldwtf«nr  ^nd  Ui«  D1mc»m  of  WomeD  Iti  th«  BeUoma  Hotpllnl  Medleil 
GoQicv;  Obstotik  Plvrstcko  to  Bellarue  tluplts];  GonAuUln^  Fb/rtcton  to  ihn  Nt;w  Tork 
SOIlti  w<»imn*»  Hotpl&U  Fallow  of  the  ^tw  York  A<5«damy  of  M«(lielia«;  rbrtne^rly  Ptvti- 
d«ni  of  the  Medlcsl  society  of  Uie^  Stats  itf  N^w  York ;  llonomt^  Fellow  of  tUo  Obfttetrtral 
&4idfltiMi  or  LcKidoD  ltd  EdlBbUfgb;  Honorwy  FoUaw  of  the  Eoj*^  Medl^  Socktf  of 
Atbatii,  Groo»»  etc^  fite^  9t& 

tMtd  Edition.  1  voL,  8yo.  GI«tb.  52^  pAg«i>  7rlQ«,  i9,00« 

''FW  n^Krty  tw^^iitj  yedirtt  It  has  heen  my  duty,  u  well  u  mj  prirllefe,  to  ^lUllcftl  limt- 
OTfs  at  BrllftTTue  floftpltkl,  op  oitdwlfery.  tbe  [iiierp^niJ  and  the  otliAr  diScMH  of  women.  Thii 
V0lunit-  U  mmdv  up  iiib^taDUAlty  Tt^m  p\i&m^m[thlti  reports  of  the  leetai^A  which  I  bkve  f  Iren 
Ob  tiie  pu#iT|««ral  dlerauet.  Having  hid  nitber  «JCiii?ittlaDid  opportuiiltleB  fbr  tlifi  etudy  of  tbeto 
dJHia««&  I  iuiv«  felt  It  10  be  ui  Impcntiv^  duty  to  qtHfu;^  so  &r  is  lay  Id  my  pow«»^  tiis^drtii.' 
Ufot  wblcb  I  ha^ref  dnjoyed  for  the  pmmotlo!:i  of  «ii't£<n^.  uid.  I  h^ipe.  Cut  the  tnter^flU  orhomwi- 
ltj»  fn  many  tul^tis,  recb  as  nlbunilborLiL.  (^ioviiiEioo*i  thrombiiflls,  ui4  eiobdUoit  Hrpduiettilii, 
ftod  p\iBitiia^  tho  idvui«e  of  ■d«fic»  buu  bmn  so  rajild  m  to  mak*  it  niKSeuarjf  to  tfloefa  tomethSiBg 
pew  every  year-  Tbos«,  tberelbn,  wbo  bave  fiartiierty  liatftfied  to  njy  loeturos  on  tbtw  subjo^ 
and  who  now  do  ma  tfae  booor  to  read  tills  roluniev  will  Hot  be  surprised  to  find.  Id  nuny  par- 
UrolarAv  i';liang'ea  la  pstholotftc^  ¥iewL,  moA  ott&n  Id  thenpfUtleAl  teACbtog,  from  doctrlncw  Wfbre 
b^UiJited.  At  tlitf  prf«KDt  dAy,  fbr  the  ^r*t  time  Id  blstorj  of  tiw  wnrkl,  lh«  obst(;trl<:^  Ae- 
i>{ulii]i?t]t  ft0«ijjff  to  be  dMumtn^  fts  prosper  pCkslUon,  M  thfl  bti^hfifit  bmncb  of  lurdldnft,  Lf  lu  raul 
I*  grmi^  by  Its  liuportiLDce  to  society,  op  by  tlae  iDtelloctuiil  inllture  uiid  nblUly  ppqulfcd,  u 
com|]wrei1  wUh  that  d^iuATtded  of  the  pbyttclaD  or  the  suir^^n,  A  uiad  may  bwxime  rmlucnt  u 
1  pbyileliin,  ind  yet  know  very  littls  m  oliftotrlcs;  cr  he  nmy  be  m  fiUccea^ml  and  diJtkigulshckl 
tcii^ifon.  nod  lw<  quite  lgfiora.iiit  of  sreo  the  rodliiientp  of  obabftrlKii,  Qui  do  onu  be  a  really 
ibit*  obBtetrle^lui  unless  ho  be  bath  phyitefhui  Siod  flurgftou.  And.  sa  the  i^reatcr  iucltidee  thu  lefti^ 
obfttetrtci  should  nak  at  tho  hlgh^t  departmeiit  of  «ilr  profbsatoa."^Jlrom  ^ttl^'s  Fr^OiiA, 

On  Sea-sickness. 

Bt  FORDYCE  BARKER,  M.  D. 
1  vol,,  16mo,  30  pp.  Flexible  GlflUt,  75  cents. 

Keprint^ei  fbom  tbu  Nkw  Vobk  Mi^dkial  ■IouhxaIh  By  reuiit>D  of  tha  ereAt  deins>Dd  rnrthsi 
Duiuhfir  of  that  Journal  contatalng'  the  papiTi^  It  ii  oow  proBeDt^d  id  bOOk  jraim,  with,  eyth  pr^ 
tciipttoDi  i4ded  la  tho  aathor  hu  fo^d  uieM  tu  rellevmg  tho  iofllsriDg  frdum  M*-ikiaieH^ 
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BARNES, 

Obstetric  Operations,  indnding  the  Trmtmt^a 

Bt  RQBEET  BAENES,  H.  a,  F.  K  0.  LQKi»9r, 

Obvteiricr  nif^tdui  to  «ad  Laebtrar  ott  UUtwifieiy  ^nd  tb«  Diw^     Woisn  A 

SLTtwraaslft  Hatpllal;  Examiner  or  Mldtnimrj  to  th«  Ki&)-aJ  ColIegv  oT  t» 
tiki  E«j«]  Gffll^  Af  Surf      ;  fonderijr  OtMtACrie  to  tb«  LMdoa  Hoflpta^  * 

III*  B^f^dftQ  to  th*  Eiitflrn  DlrtBtoa  of  Um  Eoy^J  ULttemltj  ChiH^. 

WITH  ADDITtOK^  bj  BENJAJOH  F.  DAWSON,  It 

Lecturer  4ni  Uted&d  PstliakieT  In  tb«  If «dkftl  I>«HTtnMkt  of  tli«  tTalmtf^  «f  Btv 
Ycirfc :  AMlftUnC  lo  ihe  CllnliMiJ  Profeuor  «f  Dtoeucs  of  Child  r»i  is  tlna  Obllcffe  «r  nij  iii  tiiii 

imd  dnii^eonft.  Haw  York ;  Pbj^ci;iii  Ibr  Uit  DltcMm  of  Cblldren  to  tbe  Hew 

r>«DiMT  ^  M«iiib«r  of  ibe  ^'ev  York  ObstAtarial  SodAtf ,  of  tfaa  Hv^ctI  Soetoify  «f  tte 

County  of  Kaw  Yott,  «te^  etc. 

6«eQiLd  American  Edition.  1  roL,  Std,  SOS  pp.  Clotli,  i4^&0« 

**3iLefa  a  work  u  Dr.  Bames'i  wiufi^itljr  vt/deA^.  It  U  c&kal»t«4l  lo  «k«fmte  the  prarliK 
oTtti*  «lMt«t3rl«  ut  Ifl  Ud*  OQoniTf,  «ed  t«  be  of  gntt  Hrrtca  to  tbe  pncUtkuur.''^XaiiM 

Bellevue  and  Charity  Hospital  Reports, 

m«  fio^ui7i#  q/*  Bellevue  and  Chariiy  ffospiial  MeporU 
for  1870,  cotilaining  valuable  contributions  from 

ISAAO  £  TATLOa,  M.       AtTSTtN  FLINT,  M.  D.,  LEWIS  A.  8  A  TEE,  IL  WH^ 
LIAM  A.  HAMMOSD,  U.      T.  QAILLABD  THOMAS,  M.      F&AITK  H,  EAjUL- 


^Tbeee  kiitltiitloiti  tre  the  ici09t  Imporunt^  u  regardi  ■Asooimodjitlaiii'  Ibr  piU^ti 
nfi«t|^  of  tr«ttl«d,  of  uif  oa  tfak  cuMtifiAQt.  And  m  tarp>ii*d  br  bis^t  Ifev  Is  w 
Tbe  ^tlnta  otnaaclad  wltlt  th«D3  nekwirledffed  to  bo  udod^  th»  ant  In  tftilr jmiia 
uid  tha  ToliiiM  1ft  u  Imporluil  ■ddlUoa  to  ibs  profBUfknil  At«t«ttL^  «f  Uilt  OMlfiky/^-^Ap 

BENNET. 

Winter  and  Spring  on  the  Shores  of 

th€  Mediterranean ;  qt^  the  Mwkra^  Mentofye^  liaiy^ 
Coraica^  SicU^^  A^eriOy  J^pam,  and  Biarrits^  m  Wm* 
fer  Climat^^, 

Br  J.  HENRY  BENNET,  M.  D., 

Itr  of  Pftri*;  lormerij  B«iidoei  FMite 


l|«inber  of  lb«  Rojii  Cbllege  of  P!i/t]dAD9,  XjiDd^ii ;  l«t0  Fbr^kjliii- 
}^>*e  Hoepltd ;  I>ortor  of  MedlcltiA  of  tlie  Unlr^ r^tr  of  F  '  ' 
m  tha         Hoafvlu]  (ex-Interne  du  llApltAtLi  de  Fiti*)i 

TMt  work  nslKMU«t  tbe  aperlence  of  tan  winbarf  tmA  i 
iibona  of  tlM  yMllleirajjeui,  and  oontalii*  mqeli  tmtmtil*  1 
to  tlio  betlili-ffMterlaf  cIlmAte  of  the  regioiu  de«edb«d. 


1  vol.  L^mo.  esi  pp,  doth,  $3.60, 
pCLip««ejf  ind  we 

flit,  mriapa,  tbaa  Jbr       oOti  diit  or  pi^ 


f  t  hu  ft  osfM  ■nbetaotlftl  vftliio  Asr  tli4  phjvldiit, 
f««pl0ii^  ,  »  ,  W«  CKiCDiEiefid  Uiii  be»k  oar  nu 
qiitUjkfttkuu— II U     oiwo  HDlMtftlniDf  ftad  ItiAtrQe^ib,^ 
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BENNET. 

On  the  Treatment  of  Pulmonary  Con- 

sumptiOHy  by  Jlyghm^  Climate^  and  Medicine^  in  its 

Connection  with  3Iodem  doctrines. 

Bt  JAMES  HENRY  BENNET,  M.  D,, 
Maobtr  of  tb«  Bofml  OaUtgv  of  FbyitduiA,  London ;  Doctor  of  MsdJctDa  of  tho  nDtT<*r»ttT  «l 

1  VOL,  thin  870.  Clatht  il.50* 
An  Int^rMtlDp  ftti.<l  IsBtnietWe  worbL,  ^Titt^n  Id  tha  ftmoDg,  de^r,  uid  lueld  Duiiner  wbloll 

i^f  t^g  iLntUTD  vna  tre&ttBciDt  of  tho  Jicoiirt;^  of  all  tetapemt^  eUmitea^  pulusoiiAry  cotiauinti^ai]."^ 

BILLROTH. 
General  Surgical  Pathology  and  The- 

rapeuticsj  in  J^lfiy  Leetures.  A  Text-book  for  StudenU 
and  Phyaiciam* 

B¥  Dr.  TEEODOR  BILLROTH. 

Tmulated  f^m  the  Fiflb  German  Bdition,  witli  tha  special  p«rml80loa 
of  th0  Author,  by 
CHARLES  E,  HACKLET,  A,  M.,  M.  0., 

SuffMii  Id  thd  2!r«w  York  Cyo  ikiid  Ear  tnftrniuy;  Phfilelttn  Co  tho  Hew  rork  H^pltnl; 
Fellu  w  af  the  Ndw  York  AeAaftrnf  Of  MraUdni^ 

1  VOL,  8to.  714  pp„  ftud  102  Woodcnti,  Cloth,  tS.CW;  Bhe«pt  $6.00. 

Fro^^aoT  Tlifodor  Bllirotb,  oi)i»  of  the  moat  noled  ftnthorHles  on  BurglcAl  t^nthrjlngr,  Id 
tbbi  Wojne  n  cDmpl45te  risumi  of  ibe  exEatIng:  «EAUi  of  knowledge  In  tbls  branvb  medical 
science.  The  (k:t  ef  th!*  pubUcatloq  goinf  tbroo^b  tour  iMjitlons  In  Q^rnmnyi,  and  fajiTinjc  be#ii 
tfan^lftted  tDto  French,  [tallaii,  RujAtan,  Aad  lIungarlaD,  ihotild  be  fouifi  {ruAnmlth]  fbr  fit  fltAodinj^, 

'"Tlie  wwit  of  a  book  ta  tbe  Esglj^b  |jui^ag<ft,  preceJstloff  in  ^  oocT^le^i  fbnn  llie  ticw*  of  the 
-GcrmAzi  pfttho<lo^Ut«,  ku  bn^^  been  felt;  and  wa  veotura  ta  uj  no  bo^nk  could  more  perf^«ity 
MlpplJ  tbrt  WMt  thiui  the  preidiit  Tolame.  *  .  .  We  would  *trunsJy  rtststiiitiDuhd  It  tA  ill  who 
tKkfl  luiY  Interait  to  the  invgreee  of  thoag^bt  uid  obKrvitkm  In  mu^al  ptttb^i^logy,  and  sm^Tf^ 

*  W«  QUI  uean  oar  rmderiji  thst  thc^j  witt  coulder  aeitkor  moOBj  wuted  In  purc^AM^ 
ttor  time  tn  Its  \ft^MaXy^Thi  MMicot  Jntnntipat&f^ 

CARPENTER 
Principles  of  Mental  Physiology j  with 

their  Appiimtiom  to  the  Training  and  Discipline  of  the 

Mind  and  the  Study  of  its  Morbid  Conditions, 

Bt  WM,  B.  CARPENTER,  M.  D.,  LL-  D.,  F,  K  B,,     L.  S.»  F.  a, 
KeglitrttT  «f  the  Ucl'rertttj  of  LoodoD  I  Corresponding  Member  Of  the  Inetltate  of  Fnmce  ind 
of  the  Ameriotn  Fbiloeapbkft)  Bodc^,  «t!^, 

Amoof  Ote  nameronff  csiBtoeiit  vniton  Ihli  oottabf  prodtioAd,  nooe  are  mere  dHvrvhif 
of  pimlfte  for  hATing-  att«iiip«id  to  Apply  the  reeulti  of  FbTitonflctt  Beewob  Up  tlie  «ipljui!it)oD 
^  the  mutnol  ri?lat1oiii»  nf  the  mind  uid  body  tbso  Dr.  Carpenter.  To  btm  belongft  the  merit  iif 
k^YtDS  Muntkilcdlly  fituillt>d  anil  of  fa^vhii*  In  nisny  Imrumva  aopplled  m  mttDnid  ^jrplARntloo  of 
vboee  pheiiQm«D«  which,  ujidcr  Ube  aainet  of  uiesmerlAtn,  aplrlt'n.ciplQ|f,  elMtro^blofoffjr,  and 
IlirpiiotlHiL,  bATo  Attracted  eo  Itrgo  an  amount  of  atteod^i}  dm-tjig  tbs  LiAt  twoftty  yeorA.  ^  .  .  We 
mojl  eoDotuda  ^  t^oommandlnif  1^,  CATpentei^i  work  to  tb£  meo\bcra  of  our  own  profosafaii  M 
tpplyiiif  maaf  licta,  that  bare  hitherto  etood  iwlatfKU  to  the  #^liii*tion  of  Um  ftmeUoiia  of  tli« 
ftnln  and  to  pajilialoglfla]  pfoeeiaia  feneraUf.'^— TAa  Laneti, 
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COMBE. 

The  Management  of  Infancy,  m^s^k^u 

cat  and  Moral,     Intended  chiefly  /qt  th€  U9€ 
Farmti. 

Br  ANDREW  COMBE,  ILD. 
HBVISBB  AHB  £BIT£B 
Bt  Sw  JAMES  CLARK,  IL  0.  B,,  IL  D,,  K  K,  a» 

Ilfit  &m«rloui  from  tb«  Tioyi  London  Edillos.    1  yo!*,  18ino«   303  pik, 

dotli,  11.50, 

^  Thlfl  UDBDeot  MtilA  book  sbcKiM  tw  to  tb«  buid  of  eren-  mM&rr  of  m  ^Etillf :  isd.  If  miid» 
df  4mr  ted;  ftfAad»  trotUd  muter  lueoattn]!^  and  ciiber  brliip  ut>  tbfircMMna  bf  tS*  l|gkt«f 
lt«  Ittchlngiv  or  ooiiiinviskix«  the  trvtba  n  ixtnuins  to  the  poor  bj  wbcrm  fbfr  art « ><rttHiml«^ 
ii«  iB«  ooDiiii^ed  tint  ih«f  wouM  effeet  InlHiiiteiy  mor«  f  (Mxt  tliui  b j  t]»e  iJtttHlnitiM  of  aaj 
snmbw  of  tncte  wh«beTer.  .  >  .  W«  eoBfiil«r  £Ma  wa^  to  b«  «»  of  tbc  ftw jwinkr  madfail 
twaUjf  tint  ur  prictltloner  roij  ncaauDflnd  to  hk  piettflDta ;  uid,  tlMxudv  tr  tu  pt^einl*  ^ 
IbUtfwed,  he  wijf  |irob*blj  s  mw  fulnew.  fa*  wfll  i>ot  be^rudj^  Ibem  tr  b«  te««  Ui  mma% 
^lldrtn  grow  up  hAdlthj^  iictlre,  iUvtif,  u»d  both  iiMiita%  ui'd  pbjileftl^  cipftbk.*^-^71# 

CHAUVEATT. 

The   Comparative  Anatomy  of  the 

Domesticaitd  Animah* 

Bt  a.  CHAUTEAtJ, 

Second  editioD,  revised  and  ciilarppd,  with  Uie  codperatloa  of  E.  AHLOINQ, 
]«le  PrincipAl  of  Anaiomj  nt  the  Lyons  Vetennarj  School;  ProfetMr  Al  tfa* 
foulouBe  Yeterin&rv  ScliooL  TmuBlkierd  ^ad  ediled  by  GEOBGl  FUMIICG, 
F,  It  G.      3f.  A.  1.,  Veteriimry  Stirgeuti^  Eoywl  Etigineer*. 

1  ToL,  Sto*  CIoUl  9&7  pp.|  witb  4^  DltitlrAtloai.  Fflee,  §6.00. 


OPINIONS  OF  THE  PRESS. 

and  Ariotng,  isd  tnui&lfttid  bjr  Flemliig.  Ii  U  r«iber  surpitd^f  haw  f^w  works 
Id  uij  luifDifa,  In  wbich  tb«  uutomj  of  tli«  ccnniDODer  mimfcii^  4ciBMi£b  abid  otbrnta^  b 
cfTcn  tiif  uppf^Aeli  Ki  dfflsll  8[fBl«mfltlA  worlu  there  hi  Kbimduee,  but,  If  Itet  Mtal 
be  deilmu  uf  ueertilntne^  iinj  portknlur  potiiV  inch,  u  tlie  pefilliiD  wd,  brmdies  of  H* 
pDoonw^uitlc  or  cjrmpidietic  Derreoi  ar  tiw  bamotogoe  of  ftren  anssdi  In  Mrtenl  ildhrwt 
«Dtin*b^  be  mAj^  Mvofi  «11  dflf  b«  flad  It  Tfa«  wiirt  bilm  Hi  Appaiin  id  b»  v«i  mA^^tad  1» 
meet  Ibli  dlffienlfhr, 

**Tb*  ina»b«dbiit  «E«  f«rf  nnm^cfnu,  &od  Mr.  Fleming'  ham  tutr^qced  ■  lug«  DBitiber  llwi 
M  Mt  eooliined  Id  the  cniflBJi]  work. 

*^T&klnf  tt  «lt^it«tfaer,  tbe  boolc  1a  ■  rtrjr  wekfitae  idtUttan  to  EogMi  Bt?Tait«rti  md  fmt 
tw&it  1«  due  to  Mr.  FIoeiIiw  fbr  tb^WBeeDee^of  tbetgtBiiitioB.  *iid  the  muf  *^^to»yf  ^ 
liiA  uppended  to  QuiiTeairft  tamMm^^^Lanett  (Londony. 

^^lle  want  of  a  tixt-book  oa  ib»  CcHiipw«Ut«  Anatomy  of  tlie  Donnvtkaled  ft  iiTma^  ha» 
lMtb««a  tbit  .  .  .  Tb«deHrfpti«»or  tbe  lot  are  IDulrated  and  aaaiitfid  l*]r  AO  IM  Itai 
aaoiBttit  veodeota.  In  a  wofk  wbldi  taana  o>rer  ao  nal  a  ftttld  of  aaatoialdftt  dioil  mi  ^ 
aOflpilMV  It  it  dlflk^H  to  t^leot  ani'  oei«  porooii  Jbr  r^rkv,  but  oar  exandnatloa  of  K 
to  apeak  in  bleb  tfiist  of  Ita  leneivl  exceQeiiceL  .  .  ,  Tbe  «a»  aod  attevtJoe  villi  wble^ 
«mj  bai  been  enlUruad  cm  tlie  C^onti/icut  ire  Ulnatist^d  bj  «r«7T  pace  Id  M.  C^uvh&% 
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DAVIS. 

Conservative  Surgery,  m  eo&hibtied  in  remedying 

some  of  the  Mechanical  Cames  that  operate  ir^uriomlt/ 
both  in  Health  and  IHsease,    lllth  lUusiratiom, 

By  EENRT      DAVIS,  M-D., 

1  vol,,  Byq,  31&  pp,  Clathi  19,00* 

ftiitbor  bna  vnjojcid  rare  fjifilllti«i  ike  itudj  oml  triMitmoDt  of  4X<rt4io  claatflfi  of  dl««u«, 
t£d  the  rc«orde  hfirs  pfSMnted  to  tiM  prtftokta  ftr?  the  gndunl  ALMMimuktloa  of  over  Xhirtf 

"  Dr,  Duvfitt  brbiyrliig:*  $i  te  dlcw&  to  blA  Apedolty^  «  ^nt  mntltude  for  ibf^  m]xiilnn  fif  dieehu)!- 
tftl  prolilemaf  Uknahl^h  ruik  u  an  orthopedic  aufgcoa^ftnd  til^  Tn-ry  ^i^rocdi^'iL  coDtHliijU<>u  to 
of  ihff  subject  iA  both  valuable  flDd  opportiiiKs.    W4  Ut^^m  \t  vrurlhy  of  a  plAua  la 
erenr  |fbyitdjui^i  libnury*  Tl»  ttyle  1b  mipnleDdlDjr,  but  trencbjuil,  gTJiipb]!:^  and,  bent  of 

The  Cerebral  Convolutions  of  Man, 

represented  accordinff  to  J^ersonal  Inveattt/attmis,  espe- 
cially on  their  Zfeveloprneni  in  the  ^l^tus^  and  with  ref* 
erence  to  t/w  Use  of  Physicians* 

By  ALEXAKDER  ECKER, 
Pboftoasor  of  Afifttomy  uid  CotopAmtiT^  AiLAtomy  In  the  UbLvorilty  of  Fretboif , 

^ranfllAteil  from  th<9  QomiaiiL  by  ZLobezi  T.  Bdea^  M*  D. 

1  T0t]  tro.  87  pp,  il.2S. 

♦*Tlie  work  of  Prof*  Edc«r  It  notlcoiible  priiidnsJIy  for  itn  fucelnctoM*  mid  de4ni««i^  «Tnl<ltni 
loojf  diKOMfoiis  on  iindidded  polntA,  and  yt-l  euffletently  iki^hed  vtitk  rcDbreQCes  to  uukfl 
IM  coDipoTlsoikO  wltb  tbd  labor*  of  0Uier«  in  tb?  liim?  dirvcttoa. 

Eotlre  oiiflziftlltj  In  deflcriptlve  juutomy  aut  of  tb«  qnefftlon,  but  tb^  fftcU  vvHfied  bj  our 
aittbor  tkrv  her«  pfi»«oted  in  ■  mor«  Intulllflbla  coAOtivr  tliiq  in  miv^  othcT  eaHily-Awesilblo  worl;. 

**Tht  knowledi^e  to  b<«  dfiHv'M  frv>m  tb!i  work  li  not  farDltbetT  by  any  oibi^r  text-book  la  tba 
EqgUflii  lmg\iAgt,'*—Bo»tm  M^iiical  and  3urgk<d  Joym^  January  laTtJ. 

ELLIOT. 

Obstetric  Clinic,  a  Practical  Contribution  to  the  Stif  dy 
of  Obstetrics^  and  the  J^tseases  of  Women  and  Children, 
By  the  late  GEORGE  T,  ELLIOT.  M.  D., 

tMit  tVofoMor  of  Obfft«tii»  mnd  DIbmaob  of  Women  and  Chlldfea  !n  the  B-^Henie  Hotpltit 
M«dlcal  CoHefffl;  Piiy*lcl*H  to  B*ll*'mo  Hoepital  tnd  to  tbe  New  Yorlt  Lylnp-lo  Atylxim*, 
0(^iL«itJtjii^  FhyftleliJi  to  lbs  NDi««ry  viid  Clilfd'F  ilof  nlUl;  Cooi^tiltiiipr  ^(i  177^011  to  ibfi  1^tat« 
Womut^i  BoBpllal:  Cktmapandlng  Member  of  tbti  Edluburg^h  ObstotilrAl  Society  uidl  of  tbA 
Amdsmr  of  IfaTwo*;  Femw  ol  tbe  T.  Academy  of  Medlf^ofl;  M«sDti«r  of  tb* 
*Ooiui^  Mo^cia  Society,  of  thd  P)&tho]og1oaJ  doct^tji  eta,  <rto,  ■ 

1  TOl.,  Sro.  458  pp.  CloUi,  §4.50. 

Tbts  work  fa,  In  ■  ineunr«s  11  r^mi  of  upptrnte  p^pen  previotuly  pKpurtfd  %T  Ibi  bt«  Dr, 
SIQot;  fliod  ccmtAitiA,  b^aldei^  a  record  of  omrly  two  hiuidml  iinportimt  ud  dlfllculE  caMi  Id  mid* 
wtfefy,  i«](K:tod  from  bl4i  own  pmctlce-  It  h&g  met  wttb  s  bonrty  reccptloo,  ijid  hA«  T«e«lTe4  tb» 
%(^i«t  ebootoltuoA  botb  to  tbu  wtintrf  and  to  £arDp«. 
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FRET. 

The  Histology  and  Histo-Chemlstry 

of  MatK  A  Practical  Treatise  on  the  MietnenU  of  Com* 
position  and  Structure  of  the  Human  Body. 

By  HEINRrCH  FRET, 

Fk)1^««ot  of  Medlclii*  la  Znrleh. 

Trannlatcd  from  the  PourtJl  GNsrniAn  Edltloiit  by  Arthtix      J.  Barker* 

SoiffOD  to  the  City  of  Dublin  Ifo»p)tiiIi  Demoiiitrator  of  Anatonif,  Bojat  CoUmv  of  S^rseons, 
IrvbiDd;  VUUiiijr  SarTjeon,  CunTJilcsceot  Htimu,  Stlltorgin;  aad  revlied  6y  tft*  Author. 

1  TOt,  8to,  Cloth,  $5.00;  Sbeep, 

00NTEST3. 

Tk»  Eltoiefitft  of  OomiMsttl^n  ud  of  Structure  of  tba  Bodf :  Etemetita  of  Compo^rtlQD^Ai- 
bomlttoti*  or  Protelo  CSotopontidA,  nsmOi^laboUti,  Hlprtoffenlo  DoriTiat|T«  of  tbe  Albumisdiu 
Substatictia  or  Alhutiilnoldji^  tho  Futtr  Aeldi  bud  FaU,  tho  Cftrbohjdnitc*^  Non-NltrogenoM 
AddFiv  Nltioifcnoai  Adds^  Amid?  i,  AmIdo-AcEdi,  vid  Otganio  Eiaea^  Anfaul  C^ilaTlDg  |iitu«r«, 
C^nnog^ri  Ca^]poan4»,  Mineral  CoDBtltoeDta ;  £ka)eiiti  of  BtrtietOffr^Uw  Oell,  t]»  a| 
Itomalnlsg  Etc  eu  an  La  of  Tlsiua  \  the  Titsnvi  of  the  Body— Hmum  mtnpoiAd  of  SiiaplAOftlli^  wltil 
FliUd  Ictemedlate  Subfitaoco^  T1mii»  compo^^d  of  SiDipl«  CelU,  Hth  »  imftU  unoiint  of  BoUd 
InU-rmodUta  @ubiUnc#,  TtPBuea  bfllonrlBg-  to  tlin  CoGPMtlv0'SubBtiiic»  Oroap,  Tlwttp* 
po^  otTmnsformed,  uid^  &i  a  rulft,  Coberiofl;  C«<]K  with  Hoir)0£reEi«oiiiv  Bomty^  uid  more  or  lent 
Solid  lotBrmedlJitfl  9ubitftn«,  Com  post  W  nssuea:  Thn  Orfijiiii  of  tb*  Bodf— Oi^mM  of  tlM 
Veg«t«ri7«  Type^  Or^anv  ^f  tbe  Aotmil  Grouji, 

FLINT. 

Manual  of  Chemical  Examination  of 

the  Urine  in  disease.  With  Brief  Directions  for  the 
Mcamination  of  the  most  Common  Varieties  of  Urinaria 
Caleuii. 

Br  AUSTIN  FLINT,  Jr.,  M.  D., 

^f^ior  of  Physlobjfj-  ud  Micpcwopf  In  th&  BelloTiio  Hnaplt*!  M«df eftl  Cotl«g* ;  FoHo*  of  Um 
N«ir  York  Acftdomy  Mwllolne;  Mitmber  of  tho  M^^lleail  Soiriaty  of  the  Countjof  ISwm 
York ;  Eealdent  Member  of  the  Lycftum  of  Natural  Hlstorf  In  tht  Cltj-  of  York, 

HiM  Edition ,  r6tii«d  and  corrected.  1  toL,  77  p(p.  GlAth*  tl.OO. 

Tbe  chief  airu  of  thla  llttlu  work  is  to  enable  the  busy  practitioDer  to  make  for 
himself,  rapidly  and  easily,  uU  ordinary  eiatumations  of  Urine ;  to  give  him  the 
beuefit  of  the  author*!  experietjce  in  elimmatiog  little  dilBoulties  in  the  manipula* 
tions,  and  in  reducing  proc^pses  of  analyaia  to  the  utmost  simpHeity  that  coo- 
aistent  with  accuracy* 

"  W*  do  aol  know  of  any  work  ta  Ko^llsh  Ao  com  plot*  *nd  lundy  as  the  Manual  cow  offlmd 
to  tho  ProfeB,«lciD  by  Dr.  Flint,  and  t1i«  hl^h  acteutmc  reputation  <»l  thti  author  li  a  tulB«l«al 
foarantee  of  tba  accuracy  fifiU  tba  dlr««tlofi»  giv^n*' ^oumai  &f  Applitd  Chtmitirff. 

"  We  can  asheelUtlnglj  reoommsod  this  }imuAl^—P»^af0gicQt  J&umai, 
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FLINT. 

The  Physiology  of  Man.  JJemgn^dtomp^ 
resent  (he  Existing  State  of  Physiological  Scisnm  m 
applied  to  the  FuncUona  of  ilts  Hmnan  Jiody, 

Bf  AUSTIN  FLINT,  Jk,,  H,  D., 

f*rofc«Mw  «f  Fbytlology  ud  ^e;Oi«o|i'r  In  Ut^  B«U<f?iu<  HoAplul  Htdk&l  OoIIefl«i  and  In  tb^ 
Laoff  loknd  CtiJirtce  Ko^pttitl ;  Felk'w  qf  the  N«w  YurL  Acadsnsy  of  Mcdkln« ;  HicraicDpLM 

Vtw  ^nd  tliorou^bly  rtrlied  Edition.  In  Fiva  Y^lumfis,  S70.  Tinted  Paper. 

Vol  a  I  n  e  I , — TA*^  Bhod  /  C/- re     ?  km  /  Hesp  lrai ion* 

8¥0.    &02  pp.    CIoUIt  f4.50. 
"  If  tlie  [wnflining  portioiis  of  this  woik  are  compiled  with  the  Mine  eftf»  afid 
•C3cur:>ey,  Ihe  whole  mny  T-ie  wUfci  nny  of  th<^ie  that  have  of  tate  jeam  be^  pro- 
duecd  m  oar  own  or  ia  foreign  kfigtiag^'' — Briiish  mid  F<ir^n  MfS^Vhirwrgi* 

As  a  book  of  general  inforniatmn  it  will  be  found  useful  to  the  pmctiUoneff 
uid,  as  a  book  oi  reference,  in  valuable  in  the  haods  of  the  lUiaioniiat  and  phfii- 
oJoglsi.'* — 'Dtdiiin  Quarts tf  JountfA  of  M^dtmf  Sfimcf. 

"The  complete  work  prove  a  TaluiLblcs  additioa  to  our  rfsletiiAtio  tmtiMs 
on  hurojit]  pbysiologjJ^— Lanai, 

To  those  wbo  deisire  to  get  !□  one  volame  a  concise  and  clojirt  wid  at  thg 
iftiu©  time  euf!icientlv  full  remime  of  Hhe  eiiflimg  iUle  o!'  phytielogical  Boienoe,' 
we  mm  heartily  reconimend  Dr.  Flint^B  work.  Moreover,  as  a  work  of  typogniphi- 
oai  art  il  dcaeTV<^  n  prominent  pbce  upon  our  libpary-ahelves*  M^srs?  Appleton 
k  Co,  deaerve  the  thcmks  of  the  profession  for  the  rery  handsome  style  In  which 
they  bane  medical  works.  They  giro  us  hope  of  a  time  when  it  will  be  T&tj 
Ijenenitly  bdieved  by  pebliaherii  that  phy^ivana*  eyea  are  worth  Bavins  '*  Midt^ 

Volume  IL  —  AUm^jitation  ;  Digestion  ;  Ahsarptim  ; 
Lymph  and  Chjh. 

Sto.  55€  pp.   Clotii,  ti.Sfi. 

"  The  second  instalment  of  this  work  ftilfila  aU  the  expeetatioDJ  raised  by  the 
pemsid  of  the  fiist  ...  The  autbor'a  eiplaitalione  and  deductions  t»ear 
evidence  of  much  oareful  reflcctiou  and  atudy,  .  .  .  The  entire  work  is  Ofie 
of  rure  intereat  The  author's  ityle  as  dear  and  conciie  aa  bis  method  k 
atudloui,  curefulT  aod  ela1>ora.te."^PAi^ade{pAsa  Jn^mrer, 

We  regard  the  two  treatises  already  laaaed  ai  the  very  best  on  huniau  physi- 
ology wfaieh  the  Engliab  or  any  other  language  affords,  and  we  reeomioend  ihem 
with  thorough  conldence  to  students,  practitionera,  and  lajmen^  as  (nodeb  of 
literary  aod  scientific  abiUty/* — Y,  Iiedical  JommQi 

"  We  have  found  the  style  eaay,  lucid,  and  at  the  same  time  terse.  The 
tical  and  positive  results  of  physiological  investigation  are  soccioetly  stated^ 
without^  It  would  s«em,  extended  diseuaaion  of  disputed  pointa.*^ — Boitm  M^dkm 
and  Sur^eai  JoumoL 

It  is  a  volume  which  wiU  b9  wdeome  to  the  adranoed  atudeni,  and  aa  a 
work  of  refereoce." — Tfu  Laiicei. 

The  lending  subjects  treated  of  are  presented  in  distinct  parta^  each  of  whieb 
is  desigoed  to  be  an  exhaustive  essay  on  thai  to  which  it  r<!fer9," — Jmt* 
msl  iyf  Jledieinc. 
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Flint's  Physiology.  Volume  HL^SecreHon : 

aretion;  I>uctles8  Glands;  MOrUim;  Animal  Meai; 

M<memm$$  ^  Voice  and  Speech. 

Syo.  526  pp.  Cklb.  i4,S0. 

Dr.  Hint's  r&put^tioQ  la  suSicient  to  gire  a  cbftimcter  id  the  book  among  lh« 
profeifiionf  wbere  it  wiB  cbieEy  €irciilatL%  »iid  mtnj  of  the  fa^ta  givisfi  bare  bee* 
tmiMed  by  tb«  ■othor  in  his  bbormtorj  Knd  in  public  d«09Ciit«tv«tiaii.*^ — O^ha^ 

Cvurier, 

Die  ftotboT  beAtowi  judicjou»  eir«  imd  kbor.  Fic^  m  adeeied  irilh 
criEiiirLftilon,  tbeoriea  critl^Hj  exmmmed^  uDd  ooodusbDe  {soseiftied  witli  eott- 
meoiisble  deameii  and  preciiiOQ,*' — Artt^rieaH  J^iomai         IMimt  Sfit»»<m, 

Toluine  I  V, — J^^ertmM  S^item^ 

Thii  tolume  embodle*  tiie  resulu  of  esbauitbe  stud^^  and  of  t  lonf  «it 
Uborioufi  flsrt^  of  €Xp«Hm^ti[|  prefl^ated  in  a  m«4iD«r  remarkabl«  for  ilA  fitreo^lb 
mid  deaisesa,  Ko  olUer  dep&noient  of  pbjsiologr  bas  so  profound  an  intmil 
for  tbe  moderD  and  progreaiire  phjficiau  &5  thil  pertaining  to  the  themnt 
txttmn.  The  diseae^s  of  ihis  srsicm  are  now  enfogmg  Ibe  slndf  and  aiteiltiOD 
ot  tome  of  the  greats 4  miuds  in  tbe  medical  worlds  and  m  order  to  follow  tb^ 
bnlUant  discoTeriea  and  derelopmentik^  eapecidlj  In  connection  with  tbe  aejence 
of  eleetrologjr  it  is  abcolatdj  neceaaatj  to  obtain  a  clear  atid  aettleii  ktK»«1«dlgc 
of  tbe  anatoiD  J  and  pbpiolog7  of  tbe  nerroui  fijsteoL  It  ia  tbe  design  of  ulSi 
work  to  impart  that  knowledge  free  from  the  po^eiiQg  ipecubitiooa  aod  naoef^ 
tainties  that  bat^e  no  real  value  for  ibe  praetkel  vuident  of  tneiBciae.  Tbe 
ftutbor  boldij  tesia  erery  tbeorj  for  bimselft  ind  aaks  bia  readers  to  aeoepi  lioilk* 
ing  thai  IS  not  capable  of  demonstratioo.  Tbe  properties  of  the  orrdnMpinal, 
nerf^ons.  and  ifnipaihetie  tjstemi  are  trtfated  of  in  a  manner  at  gooe  focid, 
tboron^  and  tnterening. 

AJthou^  Ibis  volume  is  one,  perbapa  tbe  tnost  importaat  one,  of  tbe  antbor*! 
idmliible  series  in  tbe  Pfaftiolof  j  of  Han,  It  is  uevertbdeea  oompleie  in  ttadi( 
tod  mtLj  be  iafel;  proooyneed  isdi^penaable  to  every  pbjsicjan  who  labet  a  prida 
and  intereat  in  tbe  pregraa  of  medical  science. 

Volume  Y, — Special  Seti96s;  GeMraihn^ 

Tbe  preieot  ToLmne  completer  the  task.  b«gnn  eleven  veatt  agOf  of  prepegi^ 
a  Irork,  intended  to  represent  the  dialing  state  of  pbjvidlogical  adesee,  a^ 
plied  to  tbe  fnnciions  of  tbe  human  bodj.  The  kindtj  reception  wbidi  tbe  fint 
fotir  volnmes  have  recetved  haa  done  much  to  auslain  tbe  author  In  an  nnikf^ 
taking,  the  magnitude  of  wbidi  he  has  appreciated  more  and  more  as  tbe  woik 
baa  progressed. 

^  In  the  fifth  and  U»i  volume,  an  attempt  has  been  made  to  give  a  ck^ir  acooont 
of  tbe  pb jaiotogj  of  the  special  f ensefi  and  generation,  a  meet  difficult  and  ^fiiit^tte 
undertaking.  »  .  . 

Finallj,  as  regarda  tbe  last,  aa  well  as  the  former  volumes,  tiie  author  m» 
only  s«j  that  he  baa  spafed  neither  time  nor  labor  in  their  preparation;  ind  tb« 
imperfect  ions  in  thdr  exeeu  tion  hsve  been  due  to  debcieney  in  a  bilitj  and  oppoi^ 
tunity.  He  Indnlgea  tbe  bope^  however,  that  be  ho^  wntien  a  i>CM>^  ^Ti^rh  tiiaf 
assist  bis  fellow-work  em,  and  interest,  not  only  tbe  student  and  |  -  of 

medicine^  but  some  othert  who  deure  to  Iteep  pace  with  the  progrt  iral 
Seiencc," — Edm^tt  from  Fnfiteti, 


Appkton  c0         3fedical  Pubiicalions. 
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FLINT. 

On  the  Physiological  Effects  of  Severe 

and  Protracted  Muscular  Me^r&isd,    Wiih  special  re/er^ 
ence  ta  its  Influence  upon  the  Mccreiion  of  NUro^etu 
Bj  AUSTIN  FLINT,  H.,  M,  D., 

PrgfiftAAr  of  Pbfllologry  in  tLe  Bollcvu«  H<»plUl  Me^lcil  Cotlc^e,  Ef«fr  Tork,  et&,  eto. 

1  vol.,  avo.  91  pp.  ClotlLi  is.oo. 

Tbl»  tDODO£TAph  (dn  tbe  Kktloui  uf  tTr4a  tsi  Eim^ene  Is  tb&  ntultofa  Ibonnwb  uid  Cftr^fal 
iiiT«fltlgitloD  mwle  In  the  ca«e  <^r  Mr^  EdMriird  FAVttoD  We«|ciii,  tlm  D«lD^nt<!Kd  fied«striiin«  TliA 
i^Hfioolea]  iiAlfVM  wen  mida  uisder  direction  nf  R  O.  IK>i-«iiiujl  M.D^,  Frofeiwr  of  CbisoilBtry 
And  ToxlQolc^  Id  tbv  B^Uume  Qaepttal  Medleil  CoUeife,  hr  Mr.  O^^car  I^«<v(%  hit  usifttADti  Tbo 
4>bBeimitloiu  were  miid4  wUli  th«  CDrtpemtkm  of  J.  tl  fhiUon^  M.  D  ^  Profeisor  of  Phyeitiloffy  Is 
fbe  CoUegb  of  Pbyilclaiii  &nd  9^urjreotiA;  AJflxander  B.  Mott  M.  D.,  Profetsoir  of  iSurirical  Anat- 
amy  ;  H.  Vm  Bui^n,  M,  D.,  Prafeiior  of  PrUiriplcfi  of  tiiuTpery;  Anitlo  FUn»,  M.D,,  Pft>* 
JbMOr  of  the  Prliic]{f1as  fibd  PractLoe  «>f  MtdJolne ;  W .  A .  HucniuoDd,  M,  D.,  Frofftuor  of  DLseaJWI 
of  lb«  Mind  and  Nenoufl  Systtisi— «ll  of  th«  B«Uc^Tue  tIo?pltAl  Medical  Ooll«f«. 

^TMi  worlc  wlL)  b«  fb^imd  Inteimttiig  to  every  phyiEcion.  A  numbeif  of  Impcrtazit  runltt 
ntert>  dbtftloed  raliuble  to  tbfl  pb jslologlBL^*—  CiihcUvfidti  MtdicfSi  Btperlorif. 

HAMILTON. 
Clinical  Electro-Therapeutics.  (MedlGal  and 

/Surgical)  A  Manual  for  Physiciam  for  if^  Treatment 
mors  especially  of  Nervous  Diseases. 

Bj  ALLAN  MoLANi;  HAMILTON,  M.  D., 

PbjtlGlAn  la  chargt  of  the  New  York  SUte  Honpitsl  Jbr  Blieuu  of  tbe'  Nanroai  Bjstem ;  Meia* 
ber  of  tbe  New  Tork  yearological  W)d  Ootiflty  HedJc&l  6odetle«j  Bbx^  etc. 

Witli  Kumeroua  lUxutmUQua.  I  toI.,  Btq.  Olotli*  Prlo«,  13,00, 
Tbli  work  Is  the  cooipUttion  of  weH-tiifid  mMAursB  and  reporffdl  chjop,  and  La  Lntcnded  u  a 
ftioiple  giild«  for  thi'  ireaeral  practltl^oEier.  It  U  &i  fktie  f^m  eobfii&Liijtr  tb^riea,  UcbfUeol  teniu, 
imd  unpirov^  tUtements,  m  pofatble.  EIei;tridty  it  bdorwd  u  n  T«rr  TiJafcble  nm#dr  In  car> 
tain  dJAAUAt,  iJid  u  m  iiiviiluiiblt»  therapeull<«al  tneaot  in  D«wrlf  all  fajmn  of  NstTOti  DtUAAi; 
bat  aoC  u  i  ipflciflo  Ibr  vrwy  buauui  ill,  [aental  BJid  phyiifaJ* 

HAMMOND. 

Insanity  in  its  Relations  to  Crime,  a 

Tcict  and  a  Commejitary* 

By  WILLIAM  A.  HAMMOND,  B. 
1  Sto.  77  pp,  Clot^  tl.OOu 
A  iHTt  of  tbiA  esuy^  under  tbe  titia  "  Sodetj  Mnm  Inaanttr,*  wu  eantribut^d  to  /Ni^Tvnn"* 
Ma§^H^  fdr  B«pt«etnber,  1&7».  The  ftflttor  nortlaii  |«  now  flril  pobUahed.  Tbe  tmi*  rtnte  ol 
the  «ul^t  enoilifiritd  CUD  ieitrc«lj  be  Q¥«F-«iturjjited,  wbether  wq  regard  it  fh>[u  tbir  ^hitid-iMjlm 
artchiim  or  khSaI  MODOtnr;  uid,  If  X  bavfl  oldod  in  Jti  elucldAtlou.  my  object  vUl  havu  bmn  at^ 
Mined."— JViom  AfUhOr'$  /V^/iuM, 

Clinical  Lectures  on  Diseases  of  the 

Nervous  System.  Delivered  ai  the  BellemtB  Hospital 
Medical  College. 

Bj  WILLIAM  A,  HAMMOND,  M,  D., 

Profeaftor  of  EHacoah  *f  the  MtAd  and  Nerrous  System,  etc.   Edited,  with  Notes  by  T  Ttf,  S. 
CEOS^  M.  D.,  AMiAtvit  to  the  CImIti  of  DtHuarj  of  tbe  Hkid  as ^  NerToui  System,  tjtc 

In  one  li!iiidioiiL«  Toiiim«  of  SOQ  pagsi.  PrioOf  §3.2^. 
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HAMMOND, 


A  Treatise  on  Diseases  of  the  Nervous 


By  WlLLLiM  A-  HAiOlOND,  M.  D,, 

llMpftAl  ilMkal  OoUj^I  Fh;sldu-lii<:Mi£l  to  tho  New  Yoct  6Uto  BotpltAl  fer  Ptima 
»ixm  Kumosr,  ^mutly  (MpAOTmii  a^p  cjcluqedi* 
Witb  Fon?*flTt  niui^tiojifl.  1  toI,,  8to.  750  pp.  Gl^th,  $5.00. 

The  tre^itt^e  embraces  an  in  trod  uc  tor j  chapter^  wMch  relates  to  Hit 
jnatrameDti  and  apparfttus  employed  in  the  diignoeis  and  treatment  c»r 
diseases  of  the  nervous  ajstem,  and  fire  sectiQiui.  Of  theso^  tb^ 
treats  of  diseases  of  the  brain ;  the  second^  diseases  of  the  ipinal  conJ ; 
the  tbirdf  cerebro-spmal  diseases;  the  fourth^  diseaaea  of  nerre-^idia; 
and  the  fifth,  diseases  of  the  peripheral  nerrm  One  feature  whieli  mai* 
be  claimed  for  the  work  is^  that  it  rests,  to  a  great  esteni,  upon  the  p«r- 
aonal  observ^alion  and  etzpertence  of  the  author,  and  is  therefore  so  01019 
oompilation. 

This  work  la  akeadj  iiDiTersaBv  popolar  with  the  profeidoEi  \  Uicir 
nppreciaUon  of  it  majr  be  evidenced  by  the  fact  that  witb  In  two  j«ttt« 
it  has  reached  the  fourth  edition. 


TtuE  m  tMHie  bj  PmC  HamnuKid  vonld  b«  ODe  of  %  hlfli  order  wti  ftbct  we  intlgtpWML 
•od  tt  sfflsid*  HI  ploMiu*  t«  itatf  tliAt  our  lUitidciAtkiitij  bite  tiw  RidlM4.^— c^imAwmII 

^  ThlB  tt  a&qoeitloiiAblT'  tiie  motl  ootnpiete  tr»tiM  diMu«i  lo  nrhlch  II  li  4»r»i*l 

ilfcil  hu  y«l  In  iib«  Esf  lUh  kofnu^ ;  u^d  fM  Tilas  ti  mmoli  toa<wnd  ItF  tte  ftili  IM 

Dr.  ]|«QuiHiiikd  AM  rasUilr  t)»H  tt  oo  bis  «wa  ejmedciwa  And  pr«yc^  ^^^^  ^^^14  ted||r 
noilMt  cmr  ftadef%  hiva  bsea  th;  «xteiuiT&^^2ondoii  Jlme^  ftflMt  OAS  giilrtHfc 

^  Fn»  fipom  lUiliMI  verblflgfl  luad  ol>t«urtty,  U  ts  dTideotlf  tli«  work  of  «  uwn  wbo  kaeirt 
trb&t  be  t&  Wiltliip  sbout,  ud  kuawf  hoir  t«  write  «bgut  If  — J/mI^oiiI  /««ir«Msi^ 

»  Thb  k*  «  nliwb1»  aod  mnpniheovtTv  bwk :  tt  cmbrm***  miAT  t^loi,  iAd  eit*&d«  ow/  i 
nide  itihen.  ODe  of  tho  tu«t  ri!Diible  puts  of  tt  r« bites  to  Uia  ^iMMi  «r  Hi*  Bnlii ;  mtm 
riie  rem&Liitctf  Mrttoa  of  the  rolome  treats  of  lh«  DianMBi  of  1^  8p$8iil  C^snl^  Uw  CSerafcr^ 
•pdul  Sytttem,  Uie  KeireXeUo,  and  tht  Pertphenl  Herm^^— JH^a&  Mmti&tt  /mmtoi 

''The  work  belbre  ua  b  miqaeatioaiMf  tiw  moat  ozlwuptiTt  trattlM»0ll  Itw  dlieiiw  i«» 
whicli  It  It  derotedi  that  hat        »pii«flnM  Id  ''^jfl'***    And  lU  disyaettrt  i«iiM  ulicai  IM» 
tbo  tect  tluC  the  wurk  tB  eo  mere  ri;0IiNd<iiii«««9  af      ob««rr«il«it«.  bat  rtals  o«  bli  ews 
perlciKMf  iiid  pnctlee.  whl^  u  we  hmva  beftn  obMrred,  bBve  bees  v«f;f  mtnal'^-'Amtri 

Th«  Ktithixr  of  tkb  work  bu  sttilned  a  hkh  rank  amafi^  oar  bv^tta^D  uaon  lb*  AlMli 
fh»m  prefioiii  bbon  In  cooMCtlaii  wUb  the  dlanordicrt  of  ^&  Dcrrous  s^tem,  m  well  at  feOQ 
variotiA  otbiar  ootitTlbtttlDfiB  to  mcdlail  Uteratim.  and  bu  uoyt  bolda  tbe  offldiJ  ap|ioliitiii«fU  «f 
Ftiyaldan  to  tbe  Niw  York  Stat*  Hmpltal  for  BiseaftH  of  tbe  KcrToaa  gfitem.  anid  PnujlMai 
of  tbe  euEM  deputtD^nt  lA  tbe  B«Q«tilft  lloanttal  lliidfeai  Odlkfe.  Tba  pceetnt  tmHia  li  llM 
fHilt  of  lh«  fsiMri«iioe  tfaus  loqidred,  ind  we  bm  oo  hesltuloo  In  prood>tui«|zi|r  It «  SMt  nla* 

addltSoo  to  em-  ejiUcaatifi;  JltivrfctVin.^^— Jr#cf4ia/  Jfrn^nhisd^ 
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HOFPMATOT, 

Manual  of  Chemical  Analysis,  as  appued 

to  the  Exajninatiou  of  Medicmal  Vhtm  teals  ami  their 
Prtparation$*  A  Guide  for  the  Dettrmiiiation  of  their 
Id^Mity  and  Qunlilt/^  and  for  the  J^eieeti^n  of  Impuri- 
ties and  AduUf.rationn,  For  ike  use  of  Pharmaceulists^ 
Phtfuieians^  ^ruf^f/isis^  and  Manuftclurm^  V/mnists^  and 
Pharmaemticat  and  Jfedical  Students. 

Bt  FRED.  HOFFMANN^  Phil. 

Chiv  Tc^L,  8to,  EioHIj  IllmtntAd.  Ck^tli.  Frioe. 


^  tills  mlame  L*ii  pj>rfHf\i11)'-prr*r>Jirf4  worl?*  ftnd  wf?n  Tiptnth*  nTlflltfiir  itite^  nf  botli  thn  nHmi'^ 
arji1  art  of  miwlpm  pbJirrnjipv'  It  a  whkh  flrul  iu  pla*'*' In  f-yt^ry  ifii^ii'fiJ  and  nhur- 
Uia^fiMcal  li.Wiit<?r>ir  and  llhrary.  and  tn  a  safe  iiintrtietlve  pftiVrtft  to  mwlk'd  •tmleiiTii  mil 
ItrtctlUumi?  ()f  me4lr)nc>;v— ^im^'W^ft  *f49«(f^  Art*. 

Id  Am^rtf^ji  this  work  buMilT^iw!?  metwltti  jpi^inT*!  nnA  unqn^Jirit^  ftppTnvtU  onA  In  Karopo 
la  niiw  hotrki;  wftleomed  at  ooi'  df  lUh  Im^t  Attd  ftioit  ImiK^rtsiit  ft<tiliifoD»  to  iDo<]prn  phaTmiLi^it* 

Sead  foe  dea^tHptive  etroiilnr,  Addref^s 

D.  APPLETON  &  CO.,  549  &  551  Broadway,  H.  Y.  Cily. 
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J}^  Appliiton  <ft  Medical  PuhUcatiom^ 


Recollections  of  Past  Life, 


Bj  SIE  eBKET  HOLLAND^  B&rl,  IL  D.,  F.  K      K.  C  B.,  «t«i^ 

P»«»id«xit  of  tbe  Ecf|«l  IntUtatf^ia  of  Onut  Briulo,  Pti|«{cUii4&-OrdltiftiT  to  1^  <limt 

etc.^  etc 

1  ToL,  L&nd,  351  pp.  Prio«,  Clotlii  fS.Oa* 

A  Tvrj  emtertnleiicig  uid  initmctlT?  lumsiTe,  p«riftkiDg  ffomewtiit  of  ttie  ikitiirr  of 
mntobtognplij  and  jat  diitliict  from  it,  tn  thU,  tlxtt  tu  cbltf  object^  u  alleged  bf  Ut* 
writer^  U  not  lo  moah  to  recdimt  the  eTtnii  of  bl«  owtt  life,  ae  to  perfonu  tliB  olBec  of 
ehrdolckf  for  othen  witb  wbooi  be  cAioir  Id  eooUct  fttid  wu  loQf  ■JBodatPd* 


Tbe    Lffe  of  St  r  Heiir]r  9o11&Dd  ^*  If  OOA  to  b«  Mcolleeted,  uid  be      oot  emd  In 
log  m  ootllDe  01  it  to  tbe  pobUc/'^ 7^  Xanast. 

Eiii  meiDOTy  wan — it,  we  maj  uj,  fbr  be  U  «t1l1  tH^  and  Id  |poatM<toa  of  iU  Ui 
ftcoltlee— atoitid  « Itb  j«GollectloD«  of  the  most  tmloent  men  aod  woman  erf  Ihla 
tiiry.  ^  .  .  A  life  eEteodio^  ntn^r  a  period  oT  eli^blr-fottr  fears,  ai^d  pa«Md  Hi*  Q««t 
actJTe  manner,  \n  the  midst  o^  tbe  bett  tocietf .  vhicb  tbe  world  hai  to  oafer*  miaat  i]«OM>' 
■arily  h&  ful]  i>r  ^lo^alar  i[itereit:  ai^d  Sir  Habrr  Holland  hia  fonniLatvLj  ooC  walled  tniH 
bl»  meixiorr  loet  iti  freaboeia  before  recalling  aome  of  tbe  Inddeoia  In  It.^*^!^  iFclF 
York  Tlbnai. 


HOWE. 

Emergencies,  and  How  to  Treat  Them, 

Th^  Miology^  PeUholo^f/^  and  Treatmmt  of  A€tidmt4^ 
J)isea8€i^  and  Caset  of  Poisoning^  \chich  demtutd 
Prompt  Attention^  J^esigned  for  &udenU  and  -ft«^ 
iUionet$  of  Medicine. 

By  JOSEPH  W.  EOWE»  It 

€B&E^al  P^tyfeMor  of  SorfaiT  In  tbe  MedUal  Dep«rtaiHllt  of  fba  UsinrAtj  of  Bew  Tof^ 
Tyitlng  Soffeoo  to  Cbaritr  Eoipitali  Fellow  of  tbe  New  Tort  Aeadeiaf 
of  MadictM^  etc,  etc 

1  ?0L,  8yo,  dotll,  DO* 

*  Tbli  wvrk  bat  a  taking  tlll««  aod  wai  written  •  ^ciiitlemeii  of  acknowMgiA  ibi9|r«  tc 
flu  a  void  In  tbe  |wgfpaalDQ.  .  .  .  To  tba  itcasral  practlttoner  Ui  tow^  rlflilgMi  >ad  lb  IV* 
Butrj.  wbtre  tbe  aid  aod  moral  itipport  of  a  ooojullatloa  cacaot  be  availed  oC  tbic  nitnit^ 
win  b«  mHiffDized  u  a  nloable  help.  We  oommend  It  to  tbe  pmrnilfA^— C>la<ilAfN»liC  i^amtmt 
And  rT«r, 

Tkf«  work  li  certalnlj  novel  h)  cbancter,  aod  Ibi  Rsefabiea*  and  ad£«citablUt;f  are  •#  owrtc4 
afl  fu  Doveltj.  «  «  ^  Tbe  book  li  eoiafldeatllf  neotnmeaded,''^£iaAm<dn'iici  <ziMf  Xwn^jvillt  M*d* 

*^  Tbii  ToluoM  I*  a  pra^eal  tilustratlon  of  tbe  poelllTe  of  tbe  pbjntfailMt^i  Ul^  ft  «MPU«t 
ranOnddr  of  w^  be  U  to  do  Ln  the  anddan  tinwgwtoi  wbleh  J^oqinaaHy  oeoat  ifc  »f aitliB 
.  ^  » tW  iotbor  wialsi  no  wordi,  but  denrtea  blmtelf  to  tbe  dttori^iaon  (MfaKib  dliiiii  If 
Am  pMtaBt  weff«  undfT  hia  handa,  Beoaiae  It  ii  a  good  book  we  woomaopd  It  niMt  lieillly  I* 
<h»  piin^p.^— -Boilw*  Medial  ct«t4  ^w^riot*/ Jbumal. 


"Tito  work  been  eTidenas  of  a  tbonragb  pnotkal  aoquaUitwaDt  wltb  tbe 
ttf  Ibe  profHHloii.   Tbe  aatji«r  ieemi  lo  puaasii  a  p««iillar  aptltode  for  Imi 
aft  weO  M  fcir  ilmpUhii]^  tedioo*  detail*.  ...  A  omfbl  pernwl  will  amplf  t 
and  DTuetiiiocipr,-  ^a#u  Tort  Mtdieal  JbumaL^  . 
TbiB  ii  tba  b«it  work  of  tbe  kind  we  bare  erer  eeva^^— jr«ic  Tort  Jtmrmni  FiffM^gtM 


Appieton  <fc  C^>*V  Medical  Pishlications,  IS 


HOWK 

The  Breath,  and  the  Diseases  which  give 

U  a  MHd  Odor.    Wtth  Direethmfor  TreatnienL 
By  JOSEPH  W.  HOWE,  M.  D., 

AoUiQr  or  ^  EtAer^nele«v"  Winter  UonitfC  «tc ;  CHatcal  Profuitw  of  Suiwiiy  tn  the  M<d1<ml 
DeiwtdufBt  of  ibft  Uoiv#rtlty  of  H»«  York;  Vumny  gitffeoQ  to  Chuilty  aiul  St.  Fruicla 
BiMpltitk;  Fallow  of  the  Kew  Tortc  Aohlcmir  firBf<Hlkmef 

^  tt  b  KiixiewtiAt  ramArkAbTc'  thAt  thr  ciiil  i'  '  i  K.ri^ntti.  wlilch  oocactoDi  »  miic^  annoy- 

K  .  ^  nlwoM  b«Y«  ittnkcUMl  iti  Iktk*  i  uutbura  and  lar«ill«*|OT«.   lt«no^  u 

tboretiglily  Kk]]U0«  cx{ia»1tk>i]  of       wh.-,  un  ti  m  Dr.  How  hju  ^ren  un^  luu  iDiif 

IbMtt  ftdwUtAtiia).  .  .  .  Thl»  I"  -11.^1 1 Atttistjoa  of  pUyildBDa,  to  wbatn 

w*  QOtmiiflDd  \%  mo«t  hlfrhlv/'-  >  '  mnmL 

.  ,  To  uj  ooL-  fliifferinii^  JTi'  '  iihcr  La  hli  own  pM-«ci!ii  or  In  HiAt  of  hli  lotl- 

raiite  ac<tPfttntiinrt!<i^  nrt!  ^^jui  eumoii'ji4  Um*  vojmut  t*  ooattiiBliigjUl  thai  !■  kfiown  «ini?«niln|f  Ibv 
tU^Jcct,  fict  forth  tb  a  plfrAHiBt  tXifU^^^-^^ihtttdphin  JMieoi  Time$. 

~TLl4  liUk  work  li  on  r  »abj«ct  tJ^iit  hu  tjcjvtof^  »lia<Mt  «atl»jy  lfnoT«d  bf  toedkvl 
iitthoi^  ytt  ItM  ImportaJM^  U  wuU  kii^.tw^n  by  i^vorv  urActUion^r.  .  .  *  Th&  Author  glffi  ■.iiivctiict 
jKOOBDt  of  thfl  dlaeoi^d  oOBdltlonps  tn  wbiVb  »  A'tU  tj»rAUi  li  jlo  lutpuHjiAt  gyntu(4»iii,  wilh  111* 
naetfaod  af  tfetliiioiit;  We  t^tnldcr  tlic  wvrk  4  real  Addltluii  ta  medical  fltenil;ure/'«-^'Vfiolnfl«tll 
Mt^iati  Journal. 


HUXLEY  AND  TOUMANS, 
The  Elements  of  Physiology  and  Hy- 

giene^    With  J^nmerom  Illuatratioms* 

By  THOMAS  H.  nUXLEY,  LL,U,,  F.R,9.,  and 

WILLIAM  JAY  YOUMANS,  M.  D. 

Il«w  And  E«Tii»d  Editioa*  1  toI.,  12mo.  420  pp.  il.TJS. 

A  teit-t^k  fbr  edncAtlniJAl  iBitUudoDfc,  and  a  TAliui>k  elemenCAry  wi^rlc  itadenti  of  modi- 
fltlH.  Tbc  p^ter  portlob  \s  frrim  tfa«  pen  Pi^fbwr  UiUilcy,  aiUpti^d  by  Dr.  YutinuitiA  bo  Uk* 
eLnemDtluic«it  uid  r^uLremeDU  of  Amorlcan  «ducatfoii«  Tbe  emijient  clAlm  of  Trnfawx  9u* 
ley'i  lleutQiitBry  t'h vaIoIo^  \%  that,  while  i3Lp  to  the  tlmdA,  It  l«  tnifltworthy 'm  It*  pr«««ot«- 
IJttQ  oftho  lubject;  wuliti  rtijpetlDif  dlKreillt^  doetrinM  And  dciqbtfiil  9[>wuUb<»ii^  It  smbodJ*! 
the  UtHt  reiultA  tbEit  irif  Mtabllahed^  and  repreKHUi  ih<3  prrMtit  u-ttLid  statfi  of  phjrflologleU 
knowUfd^*. 

"A  TalUflble  eooMbutJoo  lo  uiitomUrAl  and  phyftlolovHcAJ  ^\tx\tii.'''*—RtHgi&m  fittste^jit, 
A  eJflftr  uid  w«U  AmOffml  work^  floibnotDg;  tha  lateil  dfseovwtei  nod  Bcevptedi  Cbwinff 

^TiVDJiif  villi  iDftunittkMi  oonc^mln^  tbo  bonuiti  pbf akal  ifi^oomy."— Jl^in^  Jauf^iU* 

HUXLEY, 

The  Anatomy  of  Vertebrated  Animals. 

By  THOMAS  HENRY  HUXLEY,  LL.D.,  KB.S,, 

A^&x  of  Man'A  F1ae«  Ui  KatOfft,*'   Oa  fbo  Origin  of  ^pw^^T   Utf  S«cnuHi»  laut  AddraHM,** 

etc 

1  f«L^  ISmo.  CloUif  iS>50. 

Thfl  fbrme  worka  of  Pto£  Hoxlej  leave  no  rmim  for  4oubt  aa  to  tbft  Icdportaaee  utd  taIim  of 
Ha  naw  volnoa*  It  It  <hi«  whldi  wtB  bv  vievy  fteceptftble  lo  all  wbo  Jin  lutenatifd  Id  tb«  labj^et 
of  whicfa  Htnrtt. 

^ThlA  loDf^4Kp«ic1*d  work  wlU  b«  oordlallf  wvkosspd  by  bU  « tndante  tdid  t«*cbvn  of  Cocn- 
pantlTf  Anatomy  as  a  coDip^ndlon^  relLabta.  and,  iiotwlth»taiiitli]^  ItA  imall  dlmenaloDa,  moat 
«DiD[ir«h«B«iV(.'  gulda  on  th«  aubjojict  of  whkh  it  tr«At3«  To  j^Im^  or  to  crltlclM  tht  work  of  ao 
iiieoitipllghod  a  inaater  (>f  hla  Aivarft«  «cl«Dca  would  ha  «qua!ly  out  of  pW«i.  It  li  rnoufh  lo  wy 
'fhat  It  nalliH,  in  a  nuurfcable  dpfrm<,  tbe  antlctnatloaa  which  batij  b«&  forinad  Of  tt;  and  that 
It  praMeita  m  txtsnwUlotrf  carabLaatlon  of  ffldci,  p.'D<'ral  rlewa,  with  the  cl«ar,  accufatc^  and 
faodDCFt  ttatamoDt  of  a  prodll^uA  ouoiber  of  ludiTlaoal  fviUr—J^^tiurf. 


16  D.  A^^yleU^n  A  Co**s  Medical  Puhticatiom, 


JOHNSON. 
The   Chemistry   of  Common  Life, 

Illmtmted  with  nufmraus  Wood  En^avingB, 
Bj  JAMES  R  JOHNSOiT,  IL      F.  B,  S.,     G.  9.,  rrcj.,  kto, 

%  ti>li,|  lino,  Ciotb,  $3.00« 
It  kai  been  the  object  of  the  Author  in  thii  work  ta  «xliibit  Ibt 
prasent  eoaditioQ  of  chemie&l  knowledge,  aad  of  motored  icIoiliSo 
opinioQ,  apoo  the  iubjei^ts  to  whi<sh  it  is  deroted^  ThA  reader  wiH  not 
be  surprised^  tberefore,  should  he  find  in  it  iome  thtofi  wliloh  dllllat 
from  what  is  to  be  foimd  in  other  poptdar  works  ftlreadj  in  bis  hmnds  or 
OD  the  aheives  of  his  Ubrarj, 

LETTERMAN, 

Medical  Recollections  of  the  Army  of 

the  Poiomae* 

jostathan:  letterman,  a, 

1  voL,  8ve.  iH  pp.  Clot^  tl.OO. 
This  acGoant  of  the  metlical  (leparttaetit  of  Ihe  Armj  of  the  Poto- 
mac haa  been  prepare^!,  umid  pre^^iio^  engogementa,  in  the  hope  IbM 
the  labors  of  the  medical  officers  nl  that  arnif  mty  be  kaown  Ui  aii  tti^ 
teillge&t  peoi^le,  with  whom  to  kno^r  is  to  appre^'iate;  and  as  an 
iionate  tribute  to  manj,  long  my  zealona  and  efHcienl  colleagttes,  wbo^ 
in  daja  of  trial  and  danger,  which  have  parsed,  let  ns  hope  nerer  to 
tnm,  evinced  their  deYOtion  to  their  conBtrj  and  to  the  eaoao  of  ho- 
man  it  J,  withoot  hope  of  promotion  or  expectation  of  rewa^d.*^ — Pr^am* 

We  Tenture  to  assert  that  but  few  who  open  ihls  rolume  of  iii«diral  annal^ 
pregD4i]t  as  tbey  are  vith  iDetruetioa,  will  cue  to  do  othenrise  thaa  finish  xhtm 
ai  a  aitting.'* — Mtdical  Rtcotd. 

"  A  graceful  aod  affeetioJiate  tribute/'^iV:  K  MiSeid  JimnwL 

LEWES. 

The  Physiology  of  Common  Life. 

By  GEORGE  HENRY  LEWES, 

%  Tois.,  ismo.  cbch,  $a<oa. 

The  object  of  this  work  difers  from  that  of  all  others  on  pofioJir 
amence  io  its  attempt  to  meet  the  wants  of  the  stndent,  while  mee<iii 
those  of  the  general  reader,  who  la  auppoeed  to  b«  vrholl  j  nnai^^nainiMl 
with  anatomy  and  phraiology* 


A  Appl^on  S  €o^9  Medical  Puhlimtt&ft*. 


IT 


MAUDSLEY, 
The  Physiology  and  Patholog)^  of  the 

Mind. 

By  HENRY  MAUDSLET,  M.  D.,  Loiri»o?r, 

«f  Pirii ;  fanavrlj  B«Ii2eiit  PhjikUn  of  lb«  Muobrater  RoyU  LoMtic  Hosp^w, 

1  TOl,  B^,    442  fp.   Cloth,  19.00. 

This  wark  airaa,  in  the  first  place,  to  treat  of  meotal  phenoraeoa  from 
B  phjiiologioal  rather  than  firoin  a  metapbyaical  point  of  view ;  and, 
leeondljTt  to  brtQg  the  tnnnifold  iDstrQctiire  instancea  presented  by  th« 
unBoand  mmd  to  bear  upon  the  ioterpretation  of  the  obeciiTe  probJemi 
of  mental  aetence^ 

Dr.  May  dale  J  bai  had  the  courage  to  undertake,  and  the  iVIll  to  exeeutiii 
what  b|  at  kast  in  Kngliahi  an  originat  enterprlie.^ — Londcn  Sahirday 

It  U  flo  full  of  sensible  reflections  and  fiound  tnitha  tbat  tfaeir  wide  disaemi- 
nation  could  not  but  be  of  beaefit  to^l^\  ^blnk'mgpet^Qns,'^~P»ychol4i^k0lJournaL 
"  Unqucstionablj  otie  of  the  sblesi  and  most  important  work 9  on  tbe  aubjeet 
of  which  it  treats  that  baa  ever  appeared,  and  does  ercdjt  to  his  philosophical 
acuiDCD  and  accurate  obeiervatioo/^-^Jfifv^LAi/  Jleeord^ 

We  laj  down  the  book  with  adtniration,  and  we  commend  it  moat  eamestlj 
to  our  readera  n&  a  work  of  0:stTaordinarj  mmi  aad  ortgiBalitj-^ne  of  Iboie 
produotioui  that  are  eTolred  only  occaBionalij  in  the  tapso  of  jeatS|  and  that 
eer^e  to  mark  ai^tuai  and  xerj  decided  adTanoea  in  knowledge  and  sclciice.^  — 
iVl^K  Mtdiiol  Journal, 

Body  and  Mind  :  An  Inquiry  into  their  Cqht 
nmion  and  Mutual  Influmc^^  especially  in  reference 
to  Menial  Disorders;  an  enlarged  and  revised  edition 
to  which  are  added  Psychological  E&eays* 

By  HENRY  MAlJDSLEY,  M.  D,,  Londo^i, 

FWtow  of  tli«  Rfljral  College     Pliyildaiii ;  ^n/kmiK  of  U*&k^  Juilipfudeiiw  la  I7jilm*lty  C^J*- 
I  PpeflJfJpnt-c^Iwt  tif  thu  We^W-PBTclioSigteai  AModiHoo;  IlraoraiT  MaaiWof 
Lh«  M«dk»-P^ctiQlogUia^  Soc*(^  of  I'Jiria,  of  the  InjjMrtftJ  Society  of  Fhraldao*  *f  Tienua. 
and  w  toe  Socutrjbt  tbe  raoKHloii  of  PiyehlatTy  and  F  onrnsic  P^ycholDfr  of  VIena*  * 
wmoBOj  Baakleal  FhjflBkD  of  the  MofichMtar  Boya!  LunkOo  Avylnm,  ^  «tfl. 

1  TOl.,  12mD.         pp.   Cloth,  tl,00. 
The  general  plan  of  this  work  may  be  described  as  being  to  bring 
man,  both  in  his  physical  and  mental  relations,  aa  much  as  possible  with- 
in the  ioope  of  scientiAe  inqniiy^ 

"A  representative  work,  wbieb  crery  one  mnit  itiidy  who  dealrca  to  know 
what  18  doing  in  the  way  of  real  progress,  and  not  mere  chatter,  about  mental 
pbjsblogj  and  pathology.** — Th£  Lan^, 

h  diatbjctly  marks  a  atep  tn  the  progrsas  of  BclenUfio  psychology/ —  Th* 
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MATJDSLET. 

Responsibility  in  Mental  Diseases. 

Bt  HEKET  MACDSLET,  b., 

lfOL,  lW  118  pp.  ma£h,il.iO. 

**Thb  book  is  a  compact  preaenUtion  of  those  facta  and  prinetple^  vhirli  rt- 
qii\re  to  be  taken  mto  accoani  m  eetimeitlng  hnEnaii  refpoo^ibilitj— not  l«gaJ 
retpotmibititj  merrlj^  byt  re^poniibQitf  for  conduct  m  tbe  runilf,  the  tebool,  fiiii 
all  phases  of  social  relation  in  wbieb  obligation  enlert  ts  a&  deoieot.  Tbe  wetk 
la  tievr  in  plan,  aol  waa  wrllt«D  to  supply  a  wtdetj-felt  wmul  whieb  baa  not 
Mtherto  bw  roet^* — Tha  Fttptt^  StUna  MoniMf, 


MAEKOR 

A  Treatise  on  Diseases  of  the  Bones, 

ftwfciiBr  of  Biirffli7  Lb  tl»  OcOtesft  of  Ph^Blcluu  and  StufiMoap  K«w  Toit,  m 

WITH  KUJIEBOOg  ILLtTSTB  AftOlTB. 

1  wcL,  Sro.  doth,  tCfO. 

Tbia  valuable  work  la  a  treatise  on  DlseiLses  of  tbe  BoneSf  embnteiDf  ih«ir 
■tractural  cbanges  as  alfeded  hj  disease,  their  clinical  bistory  and  Ireatmeni,  li* 
eluding  alflo  an  account  of  tbe  TaKous  tumors  which  grow  in  or  upon  thenL  K«u 
of  tbe  injuria  of  bone  are  Included  in  Its  scope,  and  mjfdni  diaeaset,  aiocpllBg 
where  the  oondition  of  the  bone  is  a  prime  fictor  in  the  pmbtem  <if  di*we,  Ai 
Ihe  work  of  an  eminent  surgeon  of  larige  and  varied  expeHeDee^  it  may  be  rvgariM 
as  the  best  on  the  subjeeti  and  a  raluable  contribudoo  to  m«dioal  Uteratn^e, 

""Tbe  b0<»k  whkh  I  bow  oflter  to  my  proltaflidoBal  brethren  eootatof  fli«  rabntiaQi  af  Ik* 
lectnre*  wMeb  I  Iuta  deflnnd  diLrIng  Uw  p*st  twcJT«  ywt  kt  \ht  colk^  ,  .  <  I  bavt  ibOvwid 
tb«  t«iillngit  of  my  own  atndka  aod  obaamtkuw,  dw«aiDf  m  thoM  htaftohaa  vbm  I  M 
seen  mud  Atudlifd  mo«t«  and  poriiapa  too*  much  UB^ImtAing  oCbvi  wImi*  mj  9mm  f^^rtMi*  wia 
mocfl  buna,  and  thenibn  to  ia«  kat  latanatliig,  t  bat  a  «iid««Tmd,  funrwfm,  t»  Mak*  tiM 
dflfldaodat  «f  my  own  knowkdcaby  tba  free  uu  of  mtti^HAli  i9ttAr«4  m  ridly  ^a^^i 
«Qr  pariiDdkal  UtamtoRi,  wMeb  nttend  kaTet  it  !■  th«  rl^bt  and  ibm  daty  of  1^  ^fiMaili 
writer  to  ^D«<t  aod  to  embody  la  any  aoeaimt  1m  nuf  offvr  of  tlw  tiatit  of  a  Kli»w  II  at^  gUm 


J}^  Appltton  c0  Co.^M  Medical  J^bU€a$iQm, 
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METER. 

Electricity  in  its  Relations  to  Practical 

Medicine, 

Dk,  MORITZ  METER, 

Ba^  CoiuLulkii-  of  Hittltli,  At^ 

Tnmslatad  front  tbe  Third  Q«n;ijui  Edition,  with  Notea  and  Additions. 

A  Hew  &sid  Bevised  Edition, 

By  WILLIAM  A.  HAMMOND,  M.  D., 

Hofpltkl  IfcdLoia  0(4ki«;  TlCfr-FreAld^nt  of  tbe  Acftdcmj  of  M«IlIi1  SdiiW«A^  KmJml 
Infimiito  Qf  Letlart,  Aitft,  tad  Sdenc&a :  liit«  &m^«oi)-G«Aerii  U.  &  ^  iCil 

1  TOL,  fTO.  4d7  pp.  Cl«tlL,  ii.50. 
**It  IB  the  duty  of  ev&ry  physician  to  study  the  action  of  eledtricity, 
to  become  ac<iaaiiited  with  iu  vaJae  in  therftpeuticAj  and  to  follow  the 
improvements  that  are  being  made  In  the  apparatus  for  iU  applicatma  id 
medieinei  that  he  may  be  abl^  to  ehooae  the  one  beat  adapted  to  the 
tr^fttment  of  individual  oasei,  and  to  test  a  remedy  faarly  and  without 
prejadioej  which  already,  especially  in  nervous  diseased,  has  be«n  ns(?d 
with  the  best  reaulta,  and  which  promises  to  yield  an  abundant  harvect 
in  A  atiU  broader  domain,'' — From  AnthorU  Fr^aee. 


**  Those  who  do  not  r«ad  Gennati  tr«  under  great  obligAtlont  to  WUIlun  A 
BKmrnotid,  who  hii»  given  them  act  only  &u  excellent  tranflUtiou  of  n  rcost  «m- 
aefknt  work,  but  hns  givea  us  much  ralu&ble  mformatioii  and  many  eug;g«fitiona 
fnm  hU  own  per^nal  expenvac^^^'—Mrdical  Ettord, 

"  Dr.  HoritK  Meyer,  of  Ei?rlm,  has  been  for  more  than  twenty  yenra  a  laborious 
uid  coDtcientious  student  of  the  applicatiou  of  eleetrictty  to  practionl  medicine* 
and  the  results  of  his  labors  are  giTcn  in  this  volume.  Df.  HRrnmond,  !o  making 
a  translation  of  the  third  Oerman  edition^  haa  done  a  rea!  aervioe  to  the  profession 
of  this  country  and  of  Great  BHtainH  Plainlj  and  concisely  written,  and  simply 
and  clear] f  atranped^  it  contains  just  what  the  physician  wants  to  know  on  the 
•nbject"— JVl  F.  M^tf^^t  JmnrnaL 

"  It  is  destined  to  fill  a  want  long  felt  by  phjstcians  in  this  country,-*— Jbt* mi* J 
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i>.  AppUton  A  C7o.V  Medical  Publications, 


NIEMEYER, 
A  Text- Book  of  Practical  Medicine* 

With  Particular  Heferenee  to  Physiology  atid  Patho- 
logical Anatomy, 

Bj  the  late  Dn  FELI5  VOK  NmMETER, 

TQbtEigeQ, 

TmnAlftted  from  the  Blfilitli  Qermaii  Bdittoiii  by  »peoi&I  pertnlsaion  Of 

tJio  Author^ 

By  GEORGE  H.  HUMPimEYS,  M.  D., 

Ut«  JD«  of  tha  Pbf  ik^tiiii  to  th«  Bunwi  of  HodJoI  utd  Suj^cal  EcUef  kt  Be[kYi]«  Hoat^tUl  im 
fh«  Out-diWT  Poor;  VaUow  of  tha  Ntm  Tork  AoaoAmf  of  MedtdnOf  «to^ 

uid 

CHARLES  E.  HACKLEY,  M.  D., 

OQa  af  tli«  PbriHtiii  tq  thft  New  Toi-k  Motpltal;  on«  of  th«  SnrgKiii  to  th»  Few  Totfc  ^« 

andl  lljLi  [nfLriuiTy ;  FtiUgw  of  the  Siow  Tork  A^ed/  of  M«dicEiri«i,  etc 

lUviied  Edition,  S  Toii.f  Ito.  l,&2a  pp.  CloUi,  $8.00 ;  01i&«p,  ill.Oa. 

The  author  undertakes,  first,  to  give  a  piGture  of  diseaaa  which  »hall 
be  as  lifelike  md  failljfiil  to  uatare  aa  possible,  instead  of  being  a  mere 
theoretical  echetne;  aecoodlj,  so  to  utilize  the  more  recent  advancei 
of  pathological  anatomy,  physiology^  and  physiological  chemiati'y,  aa  to 
furnish  a  clearer  insight  into  the  various  proceBS(?a  of  disease. 

The  work  has  met  with  the  meat  flattering  reception  and  deserved 
success;  hns  been  adopiad  as  a  teit-book  in  many  of  the  medical  coUegea 
both  in  this  country  and  in  Europe;  and  has  received  the  very  higUeat 
enoomiumH  from  the  medical  and  secular  pre^s* 

**  It  is  comprcheaaivG  and  coactsei  and  ta  characterised  by  clearnw  and 
originnUty." — unUin  Qttarierl^  J&i^mijl  of  M^fikme. 

Ita  iLUthor  ifl  learned  In  aaedicAl  Uicnture ;  h&  has  aTrangcd  hia  materiili 
wiih  care  and  judgmeut,  and  has  thought  orer  them,'' — 77i«  JjoneeL 

**  As  a.  full,  ajsleitiatic,  aud  thoroughly  prai::tica]  guide  for  the  itudent  and 
phyaician,  it  is  net  excelled  by  any  aimilar  trealiae  iu  any  language." — Aj^^U&mi* 

"  The  author  is  an  aocompliahed  pathologist  and  practical  physician ;  he  ia  not 
onlj  capable  of  appreoiadng  the  new  dbooreries,  which  dunug  the  last  ten  ye«FS 
have  bean  unusually  numerous  and  imporUnt  in  scientific  and  practical  medictne, 
but,  by  his  clinical  eiperiencet  be  can  put  thi'se  new  riews  to  a  practical  test,  and 
give  judgment  regarding  them," — EtUnburf^h.  Mfdiixti  Joitrnal, 

From  its  general  excellence,  wc  are  disftoaed  to  think  that  it  wQl  soon  take 
Ita  place  among  the  recognised  lext-books," — Ajnerieun  Quarter^  JourjuMl  of 
Medical  Sriencfj, 

"  The  first  Inquiry  in  this  ootmtry  regarding  a  German  book  generally  fs,  *  la 
it  a  work  of  practical  value  ?  "  Without  stopping  to  consider  the  Juataeaa  of  tha 
American  Idea  of  the  '  practical,-  we  can  unhesitatingly  answer,  *  It  is  I  *  **^A>w 
York  Medical  JournuL 

The  author  bos  the  power  of  sifting  the  tares  from  the  wheal — a  matter  of 
the  greatest  Importance  in  a  tc^xl-book  for  students/' — Brilish  Ifedieai  JourmsL 

Wbatever  exalted  opinion  our  conntrymen  may  have  of  the  author^s  taleati 
cf  observation  and  bis  practice  good  sc&se»  bis  text-book  will  not  disappoint 
I  hem,  while  those  who  are  ao  unfcrtunate  as  to  know  him  only  by  nam^  have  in 
«fore  a  rich  treat" — ^iis  York  M«Ji6ai  Eic^rd, 


i?,  Appieion  S  Co*s  Medical  JhMicaiiQfm 


n 


Hand- Book  of  Skin  Diseases. 

By  Db.  iSlDOR  NEUMAKK, 
Lectnrcr  on  Sk\n  liUe&^&t  lu  the  Bojfil  UEilT«i>U]r  of  VktitLi. 

Xruaal&tod  trom  Advimoed  Bh«ets  of  the  seoond  sdiUoa,  fiuniBtLod  by  thfi 
AutltOir  ;  with  Kotea^ 

By  LUCIUS  D.  BL  LRLET,  A.  M.,  M.  D., 

id  ai 

^etme,  New  Yiirk ;  Hmk 


ioffeoiito  tho  New  York  Diip^^uiArv,  DepiuifuiPUt  of  VeiinnJAl  aud  Sktcr  I)ite*«i?i ;  AJ*lrt- 
pni  to  Ihe  Bkin  CIEnk  nf  tbf;  Ci»]le|>nc<  *.tf  riiyiietaru  nod  Surge 


bar  of  the  Hew  York  XVermaiokjiflLiil  Su<.'k't>,  etc,»  kjIc, 


Section  of  skin  I^tits  i  b:i].j     >  <  i . 

Frof-  HeumaDii  intiks  e^coud  only  %q  Bebra,  wb  ^f^  Meiihrnt  he  wit«  (br  uinuy  yc«im 
and  bL»  work  mAy  be  cou  side  red  mt  a  fair  cxpoDcat  of  tba  OermaD  p-ractlc«  of  Bermatolo- 
fj.  Tibe  book  U  abondauUy  Uiuitrated  with  platca  of  tbe  hhtatcigy  anil  pmtbulugj  uf  tbe 
ikta.  The  trantlator  haa  eudeATOfed^  b^  meaas  of  notes  from  Freacb,  EtiglUb,  and  A  me  rit* 
can  fotui^i,  to  mako  tba  work  raluablG  to  tb«  itodaat  ai  well  aa  to  Ibe  pnctlttoaen 


"  It  It  a  work  ^bkb  I  ehall  btartily  rfHfiommeiUl  to  mf  clasi  of  Btadenta  at  tbe  UntTer^ 
litj  of  FouUpiTlTUDiii,  and  aiiti  wbicb  I  feel  iiar«  wUl  tlo  tdueb  toward  «iillgbt^ilig:  tbe  pro* 
l^ialon  oo  this  subject.*"— i^itii  jd.  2>iiAfii»ff. 

^*  i  know  tt  to  be  a  t^ood  book,  and  I  am  iore  tbat  It  ti.  well  tnotlatod'  ami  It  It  Snltr-^ 
tfftiiig  to  And  U  lllaatrttfld  by  refereDcu  to  the  rlawa  of  co-)abort'»  to  tae  tame  field/* — 

^»8o  coospleLe  s»  to  render  U  ft  tiio?t  uMftil  book  of  reffrreBce.**^  T  ^fcOaS  Andtmm. 

*'Tbere  certainly  ia  no  work  ext^ut  which  deals  mt  thorougblf  wHb  thu  patboJogfc^ 
Anatomy  of  Uie  ^kic  n»  doci^  tbls  baud-book/^— iV^  K  MoM/xU  Tfneot^^ 

^^Tbe  orLgioal  uoteis  bf  Dr.  Sulklev  are  very  pnpctieul^  and  are  an  impoitant  l^JUQCt  to 
tti«  tett.   ...  1  anticipate  for  H  a' wide  clrcaUiion/"— Durkwi,  Bmkk, 

^^I  bATe  already  twice  axofe«fl«d  my  favorable  opInlioD  of  tbo  book  U  print,  and  ftm 
that  U  la  gtreo  to  the  pabllc  at  laaL**— Josnuf  £7.  WAit*^  Boston, 
Mon  than  two  yeaFs  ago  we  noticed  Df,  Kenmaaii*!  admirable  work  lo  Ita  ort^iuil 
ab»pe :  and  we  are  therefore  aba olTed  from  tht  ntceialty  of  faying  mon  than  to  repMl 
oar  atfotjff  reeommendftilOQ  of  k to BogHiih nMdmn**^proetittoHKrM 
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Appl^on  S  UoJ^s  Medical  PtMic€iH<mM, 


NEFTEL. 

Galvano- Therapeutics.  The  Phjmloffimd  and 
TherapeutiQaL  Aetion  of  ihe  Galmnio  Current  upon 
the  Ao&mtic^  Optic^  Sympa^JiMic^  and  Pnmimoffosiric 

By  WrtXIAK  B.  NEFTEL 

This  book  liai  beeti  publjabed  at  the  request  of  i©Terml  aond  aiir- 
geons  ajid  other  profeeajonal  gentlemea^  and  \a  a  Taluaye  trealite  on 
the  sahjeeU  of  which  it  treats.  Its  author,  formerlj^  Tisitmg  pbjsiolan 
to  the  largest  hospital  of  St*  Petersburg,  bfts  bad  the  Y©ry  best  facili- 
ties for  iDvestigation. 

This  fUtie  work  shows,  m  fir  ti  it  ge«8,  full  knowledge  of  what  hia  ^etn 
done  on  the  Eubjecu  treated  of,  jmd  the  AUtbor'i  piaeUcml  acqoiiiitae^e  witli 
theuw" — York  Medial  Jourmd. 

**  Thoee  who  use  elcctricitY  should  get  this  work,  and  those  who  do  &ol 
should  peruse  H  to  letirn  that  there  is  one  more  illertpe^tical  i^enl  tlut  llicj 
could  nnd  should  pesses^i/* —  The  Mtdical  Jn^eeti^aSor. 

NIGHTING-ALE. 
Notes  on  Nursing:  WJiai  it  u,  and  what  U  u  fwt. 

Bf  FLORENCE  NIGHTINGALE, 
1  Tol,  lSm0.  140  pp.  Gleth^  7$  Mutt* 
Everf 'dajr  aanitUFf  knov^'ledge,  or  the  knowledge  of  nursitig,  or«  in 
other  worda,  of  how  to  ptit  the  coDStitution  In  such  a  state  as  that  it  will 
have  no  disease  or  that  it  caa  recover  from  disease,  tnkee  a  higher  place. 
It  IS  recognlxed  as  the  knowledge  whieh  erer^  oEe  ought  to  ba^e — dia- 
tinct  from  medical  kno^ledge^  which  onljr  a  professton  can  have. 

PEREIRA. 

Dr.   Pereiras  Elements  of  Materia 

Medim  and  Therapeutics.  Abridged  and  adapted 
for  the  Use  {f  Medical  and  Pharmaceutical  PracH' 
ticn^i  and  StudmiSy  wnd  camprigmff  all  the  M^di- 
cin^  of  the  BHti^h  PAdirmdcapcdOy  with  mteh  oth^s 
€Ls  are  frequejitly  ordered  in  Pte^atiptions^  or 
quired  by  the  Physician. 

Edited  hj  ROBERT  BENTLEY  and  THE0FHILU8  REDWOOD. 
Ksw  Edition.  Brought  down  te  1872   1  toL,  Bejpal  Iyo,  <n«t]^  %7Mi 

ahesp^  Sam 
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PEASLEE. 

Ovarian   Tumors  ;   Their  Pathologij,  Biagrmid, 
and  Treatment  J  with  reference  especially  to  Ovariotomy* 

By  E.  E.  PEASLEE,  M.  D., 

Prof$smtF  *f  DlftBiifliH!  of  TVotneti  In  V*timwih  Collew:  one  of  the  Ootiaultinf  Fhrttd^  to 
tli«  New  York  BUkt«  WooiAD^i  Eotpital ;  formerhr  Profusor  of  Obstetilu  and  DtwMu^f 
Women  Id  tlie  Kfi^w  York  MeAkil  GolDege ;  Cnttt$pmidi^g  Hember  of  Ibe  OlMt«tHcii) 

1        Sva.  niiutrated  wltb  many  WoctdcmU,  and  a  f  teel  H&fifraTiiig  or  Br* 
E.  HoBowtll,  tke  ^'  FaUierr  of  QrariDtomy.*'  Frioe,  Cloth,  t5.00. 

Tblt  Tsluabk  wfyrk,  emhnciag  the  rcfults  of  imiij  jaan  of  aaceouM  tdtfMnkfiM  la  the 
department  ofiviileb  It  trvntA,  wlU  provb  moat  ncofpUble  to  the  vuUrt  prnj^alon  ;  wJtUe  tbt 
high  itJindlng  of  th«  inthor  and  bU  kno^  of  th«  lal^eQl  onmbloe  to  mnkn  the  book  tb« 
beat  fa  th«  Uag^Udgv,  ll  Ii  divided  Lbta  two  parU :  Hi*  llnl  timtLQ^  of  Orart&n  Ttunore,  tbdr 
■nfttoED^,  pathology^  di&enciAl^  imd  treiitm«Dtv  oiwpt  by  «xtlrp«tloD;  the  iccond  of  Ovulot* 
OEDX,  iU  history  And  itatlntloi,  aod  at  tbe  operation.  FuUy  flltittmted,  and  abqaodUif  wftk 
Infoniutlon  tb«  reatilt  tif  a  proloCLged  atudy  of  tb«  lubject,  the  work  ahoBkl  bo  In  the  bandj  of 
tfwery  pbyalclan  In  tho  couBtry^ 

Tbo  foUowijiff  are  aotae  of  tbe  opInloDa  of  tke  presA,  at  homo  and  abnwdi  of  thia  gnat 
wiirk^  whldi  haa  basil  Jiutly  styled,  by  ad  eiulneat  critki  "  the        Ofwip^sle  mtdiceU  mofiff* 

His  opinions  upon  w^hat  othoia  have  adriae^  an  clearly  tat  tovXh^  and  are  as  Intanitl]^ 
and  important  sa  sfn  tLo  propoaldonfl  bo  hjw  himself  to  adnuiee;  wblfe  there  tre  tlNabiieia, 
a  Tif  or,  ao  autborlty  about  but  writto^,  wblcb  j^al  pmtlt^  knowjed^  alona  tm  eonfer."— 
Thi  Lancet, 

Both  Wolls^s  and  F«asl^>  worki  will  be  received  with  tbe  nappct  due  to  fbo  great  ropu- 
twUon  and  sklU  of  tboli-  sulbon.  Botli  esdat  not  ooly  as  maat^n  or  tholr  art,  bot  as  dear  and 
gnicetM]  ivrftm.  In  dthor  work  tlie  studiiDt  and  praciUlooer  will  Hud  fmits  of  rteb  expa- 
r^Dc<^,  of  camost  tibooi^bt^  aod  of  attn&dy,  well-bAlj&nc«d  Judf^meiit  As  Eoftlaiid  li  proud  of 
Wails,  10  tnsf  Aiufirica  well  be  proud  of  Fsaalae,  and  the  ^reat  world  of  aciunco  coay  De  nrottd 
oTbotli.''— jSH^  Mtdi^  J&untal, 

"^This  is  an  exeelkat  work,  and  doea  mat  credit  to  tha  Lodustryt  ability,  h^I^qiia,  and 
laamlDf  of  J>r.  Peaslee.  Few  works  IsHoe  mm  the  medlfifll  press  m  eotut^ttiite,  so  exhaustive- 
ly  learae^,  ao  tmboed  wltb  a  practical  lotie,  without  loaing  o^er  sab»tKatla]  ^ood  quailUaa.** 
—Kifirt^urffh  Medieat  JoumaL 

"  Id  dloalnjr  our  RiTiew  of  thla  work,  we  oanoot  avoid  again  e]^prt^!l9ln|Gr  oiir  sppi^oUlkKO  of 
tlin  ihAiYMigli  atudy^  tbe>  caroM  and  hoDeet  abiteotenla,.  and  caDdJid  spirit,  wlilctb  oluMolerte  It. 
Ft^  the  114*  of  the  Mtudtnt  ir«  ihevM  fff^t  ths  pref*Fein*e  to  Dr.  Peafiits't  iwrJb,  nut  omfy 

*^  0r,  PsMlee  br1n«t  to  tbe  work  a  thorDOgbnesi  of  atndy.  a  fkiuUiiirlty  with  tbe  whole 
Held  of  hljiola^,  physloki^yf  patholo^,  agd  practical  sr^m^mtmji  not  exralled,  parbapi,  bj 
those  of  any  tnan  who  ever  performs  the  operation."-— J/«r/fiviJ  Rioord. 

If  we  wore  to  select  a  sln^  word  to  Qxprc0t  what  we  regtid  a*  th«  htftieat  maaHtmb  of 
thifl  booK,  It  would  hb  Iti  iAmvuokfumJ^^Aiw  York  Mtd4coi  JmwrmL 

Wfl  deeni  Its  careful  nenUnl  lDdlapaBaablft  U>  aU  who  wodld  treat  ovarian  timi«ra  with  a 
good  conM^Dce,*' — AmfHoan  /oMrma i  qf  OiMefriew, 

it  fthowH  prod^iral  tiKliistry.  and  emlMdlAS  within  lt«  Ave  hundr€d  sod  odd  pAfre«  pretty 
moch  all  that  seems  worth  knouin^  oq  tbe  suhjeci  of  ovariati  *Mmatt^*^—Fkii^eijMim  Jfecff- 

•*  Ortat  thoronffb»e«  Is  ibown  in  Dr.  PtyuilfMi's  treiitmefit  of  all  the  det&lls  Of  ttali  very  ad- 
mlrabla  wor^r'^^Mctfilon  Mtdicat  and  Surgicai  J&umaL 

''It  la  a  Dec«aBlty  tO  eirerf  surgoon  wjio  eipeots  to  th?at  thla  diseam*" — X^J«Mmu>or^ 

^  Inditpenaabla  to  tbtf  Atoef^oaa  ttudoDt  orgynieeoloffy.*^->Ptte{/ia  Jf^dfoot  &nd  Sttrgi&jl 

J&umaL 

There  li  not  a  duut^tltil  point  that  could  ooonr  to  any  omo  that  Is  eot  explained  aod  aO' 
fwered  In  the  mpfit  aatltfiictory  ramuMr.**—  Firfftwia  CHni&xl  ^edorrf, 

"^Tho  work  la  one  the  profesalon  nhould  prlae;  ono  that  avety  earnest  praotlUoatr  tthouhl 

**  Dr.  F«iut<ie  hsa  sebleTed  a  aueoaaa,  and  tha  work  la  one  wydi  no  pnetleal  atu^eom  oan 
alEbfd  to  be  viUuinit."—M§d4mt  InPUiigcOffr. 
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SAYRE, 

A  Practical  Manual  on  the  Treatment 

of  CluihlboL 

Bj  LEWIS  A.  SAYRE, 
JMmot  «r  OrtlMMdfe  SocffeiT  fa  Bdlfitie  B«pllil  M«dktl  CnUefa;  SufMS  to  BtSkmm  mad 

1  ¥oL,  ISmov  Kev  tmd  EnUrf  »d  Edilioit.  Glotli,  il.OO. 

meat  whl^  hi*  twin  so  Sd£0«l«fku  IQ  liij'  dwii  hmSi^^—J'r^i^ 

^  Tbe  book  will  Tcrf  well  utUiy  th«  wutu  uf  tbe  i4i^|adtr  of  fCMnl 
uie,  u  staled,  it  fi  iBteji46d,"— 3>tr  Fswir  Jfet/if?t<J  hTcrvrAoi. 


On  Foods. 


SMITH. 


By  EDWARD  SMrTH,  M.D,,  LL.  B.,  F.  R.  S., 

Ifdknr  0f  |h«  £071!  College  of  FhyiSc£iiLi  of  Londoi^t  r^.*  ttc-^ 

I  VOL,  12mo<  ClmHk,  Wtido,  il.7&. 

fitace  ^  liRM  of  tk€  aHti3«r^«  work  on  PrsctieaJ  Dk-t^irr,''  be  fiNt  tte  iriAi  «f  inotkw, 
whkih  wotUd  fimbrA^  «!]  tbe  gfiOenlJjr-kaoiirfi  and  le«*-tiiiawo  'food*,  abd  eoalaiJi  Iht  JWML  idkn^ 
tl0c  kf)dfw{Bdf«  re^MtlD^  tb^.  T&a  iirMcat  vduzae  U  intpfidad  to  tocst  tta;i>  wut*  1  ~ 

fLinud  umIUI  fbr  rcl^ftno^  to  botb  ade&tific  mnU  ircjicmt  iNendisn.   Tbt  flotkor  estad   

iuTT  Tleir  of  f^odfl^  iOid  t&di&daft  unlAr  Ktid  akr,  Minoe.  tht^f  afs  lispQCtnit  ht^  M  tbtir  (Mi 


STEINER. 

Compendium  of  Childrens  Diseases. 

-1  Mand-bookfor  Practitioners  and  Studmi*, 
Bj  Dr.  JOHANN^  STELNER, 

rtpfttnT  of  f tin  Tirwiwl  of  CttMrtu  Id  Hifl  UulTcrEttr  of  Pim£^  lod  l^jriit^  to  Cbt  FisrIi^ 
Joi«pti  HiMX»ftA^  for  Sick  CbUdfeo. 

^aiulAted  fima  tb«  Beoond  Qezia&ii  £dition      l4iWM& TUt,  B.C»a.« 

guifflaa  to      BlrQfttq^bmm  HoeplL&l  Jbr  Women ;  CoaiulUiig  BmMo  to  fbt  W«fl 
HofpltftI;  Lectimr  ob  Fbjvfology  ■&  tb«  MIdknd  ImtShtte. 

TBANSLATOR'S  PRMFACE. 

Dr-  Stoliun^  book  hm  mH  wtUi  mdi  ouHcid  faoaMi  Is  Oflrnwaj  tikM  ft  •«ojail  AliUiXb  jto* 
aJf«ftdf  ftppeiiwL  a  cifcamBtuMv  wbkb  hM  dtliy«d  tb«  ippHme*  of  Its  Bii^lit 
tluU  I  m^t  b*  »1*  to  ftr«  blA  ■ddtUou  uid  flarreetSoDi. 

In  QeasmiLj  tlu  dm  of  Ui«  ffletne  %j9ttm  hmA  noi  r«t  taptntM  Ibi  I 


bet  It  li  nsmif  dobw  to,  la  in  Eoglsiiil.   I  li*Tft.  flMrdbrft,  nad«d  >ll  t 
tioot  in  tbe  CeDltemdft        atict  all  m^itiLrftEDeato  Iq  CMAti-  and  o&miii^tt^ 

[  bAVft  Addad  ■«  u  Appendix  tb«  ^  Boiet  for  Muutgieiiimt  of  Influiti  *  wbkb  ^iit*  bwft  I 

bj  Uie  itAlTof  U>«  BlnalBiteia  ilkfc  OhUdmi^  BoiptCft],  beniuft  I  thtak  I2ul  tk*j  "  

«mi3ple  bj  diftribitttiff  tli«to  r«k«  •ntoOf  ue  poor  for  which  ibmj  eia«0C  I 
comcQooded,  tnd  wMx3tL  It  woakd  be  w!m  lor  otLar  iSek  diLMnn^i  bos^tilft  to  lilkm, 

I  kaw  «l40  «dded  1  f«w  DoUis  cht«%f  «f  Mttittt  rtlillfly  to  fb«  iinfltol  tftattwil  «f  « 


STROUD. 

The  Physical  Cause  of  the  Death  of 

Christy  and  its  Mttatlons  to  the  Prmclplea  ami  PmcMct 
of  Christiani&i/, 

By  WILLIAM  STBOUD,  D. 
With  m  Latter  on  the  Subject,  by  Bir  J&mos  7,  Slmp«oii«  B^%.^  M.  D. 

Ivol.,  l3mo.  422  pp,  Clatb,  12,00. 
TbU  tiDportaot  tud  mnftrkftbte  Look  1ft.  Id  ItB  own  plac«v  *  muterpleai,  uid  wUl  b«  eanAidQncl 
u  1.  tUiQdArc)  work  for  mvnv  jenrs  i&  came, 

"Tbo  prdielp*]  point  luiilstebl  on  is.  tliAt  thtf  danth  of  Chrfst  wm  by  TOptore  or  tikcen- 

tlon  ofthft  heart.  Sir  (Fiuiio«  Stmpson^  i^ho  had  reftd  thd  luthot'i  itQMUa  and  viiricHiii  I'om^ 
m^nU  on  it,  Qxpraaud  bLmHU  verj  po8niTi^l>'  Id  Aivor  of  tha  rlewt  MPl]ltAillc^(l  Dr.  j^trouiL'* 
-<-i^fdia^<)0ica^  Journal. 

SIMPSON, 

The  Posthumous  Works  of  Sir  James 

Youn(/  iSimpsan^  Hart^  M,  J),    In  Three  Vohittic^. 

Vqliime  L — Selected  ObMtifriciil  ami  Qifnmealogie^l  Wbtk^i  of  Sir  Jatrys  K  M^mpsoit, 
B*r1.t      1>  ♦  I>"  C.  L.,  lute  Ffofoatof  of  Mtdw^fcrx  In  this  DnlTCTflltv  of  Ediiibiir;jh.  Contolii- 
In^  th«^  aubftUnc^  of  hta  Lcctiirei  on  Mldwifc^ry.    Edibdtl  bv  J.     att  Wlm  h.  A.  M,.  M. 
Member  of  the  Royal  OoLlej^  of  PJijsloifiioii.  LondoQ;  Ffi™lqiiui-AiiitO[ich«tar  tn  UhArtqg 
Crosn  Tlaitpital,  Loodon  ;  ami  lecturer  on  MJdwtf^ry  and  Lmcoscfi  of  Waui9fl&i»i  Cbfldmi 

1  vol.,  Syo.  S52  pp.  CUth,  iS.OO. 
Tbls  volunii«  cnntilns  iJI  ttie  i)io«  lutpomnE  contHbutione  of  Sir  »Tftin«s  Y.  Stmpun  to  lh» 
fltudy^  of  f^bHtf^tiiai  atid  dlseaBCii  of  Women.  witJi  ttifl  lUtcepttuii  of  bli  cUnlwl  loottirfit  <m.  thts  ]ntl£>r 
■nlt^tt  wblndrh  \fi\\  thortly  apppfir  Sn  a  &«pAral«  votume'r  This  flnt  toIuiu^  eoDtalUA  mnby  of  th« 
papers  niirlnU'd  fV<im  bt»  oGfltPirfu  Memo|r»  and  CcntKbnUoni^  And.  alio  bli  Lectiin  Kotc<«,  dow 
inibUillied  for  th«  £Lrsl  Uine,  contulnlrtj^  th<!  fliibatanco^  or  tli«  practleBt  [Hirt  of  Ida  coorte  of  mkl- 
wl^iy.  It  U  m  roluinei  of  Kxeal  kitenut  to  t^e  profBtaJou,  naa  a  lElttiiig  laaiuoiiaJ  of  ItA  ni Downed 
And  tAlimtcd  author. 

^To  many  of  oar  ntden,  donhlt«i,  tho  cbtof  of  tbe  pnpera  U  cootftbia  mre  bmiliiir.  To 
otbfln,  alUimif  b  prr^bat^l/  tbey  meijr  b«  a  wore  tbbt  Sir  liamea  BbnpAon  Ma  wrtttoa  on  tb«  itib- 
fffGta,  th«  papers  UiemD^lv^a  will  ba  new  «iid  fb^.  To  Hxa  flm  w«  would  E«Qommend  this 
cdttioo  of  Bir  Jttrtca  Sldip'aoti's  worka^  sa  a  ratuabla  Tolame'  of  nforenca ;  to  tht  latter,  ns  a  i30U«e- 
ttofi  of  tbe  works  of  *  gTe&t  muter  and  Icpprover  of  bla  art,  the  study  of  which  can  not  IkU  to  maks 
tii«m  better  prepared  to  meet  and  oreroomfi  Its  dl^umei/^-^  Jfrf/jUki/  ^^iTfafJ  OoMitU- 

Yohime  II. — Amathma^  ffmj»talUm^  etc.    EdU^!<l  by  Sir  WiiTEH  Sjmpson,  Bart 
1  TOi.f  8to.  &Q0  pp.  €lotb^  13.00. 
**  We  My  of  thJa,  u  of  the  fiiit  Toltiino.  tbal  It  aboidd  Iiji4  a  plaiM  oa  the  tabl«  of  ovary  priflp 
tlttooer ;  hr,  though  It  li  ptttcbwork;  tj^eb  pleca  may  be  picked  out  and  aladlod  wUb  pJeaeixm  and 
pro  ML^—  TA*  Ijfincei  { London}* 

Volime  III. —  The  Bismstt  of  Womm.  Edited  by  Amx.  SimP805*,  M.  D.,  Proftnaor 
of  imdwifer^r  in  tb«  Ifnlrersity  of  Edtiibqrgb. 

1  T&h,  8to,  Clotlii  §3.00. 
One  nf  tli»  beit  worlu  oa  Uio  lubjeet  extJint.  Of  IneatUBKblo  valtto  to  «r«T|'  pbytldiiL 

SWETT. 

A  Treatise  on  the  Diseases  of  the  Chest. 

Bting  a  Course  of  Lecturer  delivered  at  tht  New  York 
Mmpitah 

By  JOHN  A.  SWETT,  B., 

Fmfeiaor  of  tb«  Initltiitei  ood  Pr»£tU»  of  Medlctne  In  tba  New  Tort  CTnlvrrilrv  ;  Fbysidazi  t  * 
th«  Kew  York  llostittaJ;  Member  of  Uw  New  Tork  Patliologicai  Soi4ety, 
1  ToL,  8^0.  &87  pp.  iS.frO. 
Embod W  ta  tbli  roliiio«  of  l^cturea  ia  the  experience  of  tea  y«a»  In  b«£>itaj  aad  pdTala 

pr^tioev 


SOHEOEDER. 
A  Manual  of  Midwifery,    indudin^  the 

PathoUgy  of  Fre§}mn€y  and  the  Puerjmral  State* 
By  Dr.  KARL  SCHROEDER. 

PnflBliOr  of  Mldwtlbrr  and  Dlfoctor  of  thd  lifln^  ifi  InttltatkiD  in  t;b«  UiilTOrcItT  arKrbiac«b 
Tr&nBlfited  from  ths  TMrd  Glermaa  Edition, 

Bj  OHAS.  H,  CARTER,  B.  A.,  M,  D.,  B.  S.  Lond., 

IfflLutrer  of  iho  Rajal  GoU^  of     jriciiUiB,  London,  naa  Vhy%\ciMa  Ac«mdioaT  to  St  Qmrgt**, 

Witli  Tv0Dt7<six  EsgraTULfi  on  Wood,  1  toL^  8to»  G1qUi« 

**  The  tmnabtor  ISmU  tbmt  ao  l>|»UwT  1*  nsodod  Id  oSMoff  to  tha  profeaalon  m.  tmidiJiClioii 
of  Bchro«.df]r'fl  KlifiiuU  of  MldwK^.   The  work  Is  WiU  known  to  G^mu!/  uid  oxU!OKJ  v4>lir 
CB«d  u  »  Um-booJt  ;  It  hu  almdj  iwhwi  &  tblrd  odltfob  iHthin  tto  short  ip,n«  "f  two 
fttxl  It  [t  homcl  Lluit  Che  pmsatt  tnntl&Xloa  wkCI  oieettlLC  wimt,  ktag  fait  in  Uij^oouotfj.  vf  * 
tnftnujt]  of  mtdwL/^fj  etiibndDfK  tbi  )«tMt  mIohUAq  rafieAnifaei  oa  the  aabjoet 

TILT. 

A  Hand-Book  of  Uterine  Therapeu- 
tics and  of  Diseases  of  Woimn. 

By  EDWARD  JOHN  TILT,  M.  D,, 

Meoaber  of  Ihe  HotrI  Callf^^e  of  Pfarpjcttiifl ;  Goosqitlnr  Fhysldan  ti>  tb*  FkntDgdOll  0<IMnl 
Diap(>nur7 ;  >eItow  of  tba  Eoy^  MediaJ  uid  Cbtrargtea]  Sodetj,  tnd  of  >«Tflnl  Bdtllfe 

1  ToL|  Sto,  3i5  pp.  Clothp  $3M. 

EeGond  Amefican  editioQ,  t bo  roughly  revised  and  &tni^ii4e4 

Is  gfirliur  tbe  retnH  of  Ma  Ubori  to  tbo  profeulon  tbe  kuthor  !lu  donA  «  gn!«t  wotk.  Our 
nndert  will  find  ^ta  pikf «»  t*I7  lnt«rft»tlin|f,  *£id,  m%  tho  and  of  thf^ir  will  feel  ^tefuJ  t!» 
tb«  author  Ibr  miLtiy  veiy  TmliimblO  iug^eitioot  m  to  tbo  tmtDMUit  of  uieHas  dU^#a»r—  7^ 

"  Df.  TUt'i  '  Hiiiid-BQok  of  TTtorliio  Tbonpentloi  *  anppltu  a  miol  wbtdl  bst  oftuD  boeii 
felt  ■  ^  ,  Umiy^  tbt^refoixs  be  tmA  Dot  odIt  wHb  pliMnra  wad  tsitnutkHi,  bat  wlU  tlm  b* 
touiid  Tory  umM  u  *  boot  of  reftsTKio*."— rA*  Mmical  Jfirrw. 

"  Soooad  Co  cone  on  tbe  tliflrmf>outk!i  of  atcrlne  d1»ue.**'-VknH'^aj  ^  Ob4il0tt4^ 

TAN  BUREN, 

Lectures  upon  Diseases  of  the  Rectum, 

Delivered  ai  t/ie  BeUemie  Hospital  Medical  CoU^ff^ 
Sesdon  of  1869-^70. 

By  W.  11  TAX  BUREK,  M.  D., 
IVofwor  of  till?  IMoelpk^  of  Sotvery  wttb  I>iH«A6«  oftbir  0«t]!to-UrlDvy  Drfrana,  rtc.  In  tb* 
BelkiTDfl  Hotpttjd  M  wltcAl  C4lkig«;       of  tho  CooiultiDf  Surg^eoni  of  tb«  Kaw  York  Hofr 

tlul,  of  Lbo  Ek^Elerue  EloflpltaJ ;  If  eiDber  of  tbt  M^w  York  Aoftdomj  of  U«diBla^  of  tb» 
mtholnglcEl  SoeMy  of  New  York,  8t<i^  otc. 

1  VOL  I  ISnio*  104  pp.  Clotli,  tl.GOf 

"  It  H&mi  bu<dly  nt^eAAuj  to  more  thaja  monti&n  tbft  name  of  tho  tnthor  of  Ibli  ftdtnlnbl* 
^tUe  votarao  Ln  ordv  to  toBore  tho  cb«]4Ct«r  of  hk«  tnwk.   No  onn  t&  thh  dountrf  hMS  MjOfvd 
idf  anUeoa,  ud  hid  *  hamv  oxteotlve  field  of  oiKwrriitloD  id  this  ipecUJij',  tbftii  Dr. 
Tim  Bnno,  uid  do  ojia  \m  Mid  tbu  vamt  unouDt  of  Att^otloii  to  tbe  i^ubjML  .  .  ,  i{«r«  l«  tb* 
oxpolADOfr  of  yeATB  etiium<!>a  op  ud  ^tud  ti>  iba  profeuloaii  wof Jd  IQ  «  fttilA  uid  enetkal 

OUIIIW,**— /^OAO/O^l«df  /OfifltMli, 
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VAN  BTJREN  AND  KEYES. 
A  Practical  Treatise  on  the  Surgical 

Diseases  of  the  GenUo-  Urinary  Orffum^  including  Syphi- 
Ub,  Designed  m  a  Manital  for  StudenU  and  JPractition^ 
€r^-     With  Mngraving$  and  Cases, 

bt  w,  h.  van  Bmm,  a.  m  ,  m.  d., 

&tiif«>7t  ^  B«nvva<»  HoApjtti  M«tk«l  C4U«g«t  ConmHln^  fiunriiiui  to  |k«>iDW  York 
UoflpttAL,  the  Ckiritj  BD«|itUl(      ;  isd 

E.  L,  KITES,  A.  M.,  M.  a, 
FtDft««0(r  of  Dtroivtolojry  In  B«lle^«  HosplUl  Msdlatl  OoHe^ffl^Suifflon  to  ^  Ofmity  Hotpt- 

DdJevuD  IFoEpTtiil,  fltc, 

1  ToLi  Btd«  CMh,  ifi  00;  Sbeepi  |€.Q0* 

Tbifl  work  really  a  compeDdium  of^  and  a  book  of  refcrettc^e  to^  nX\  modem 
iForkft  treating  in  aoy  way  of  the  aurgieal  di»ea&ea  of  the  genlto*uniiftry  OJ^gauii. 
At  tbe  Bame  time,  do  other  alngle  book  coTitaiiii  so  Uirge  t^rmj  of  (fnpiml 
CviatM  coQcernmg  the  ehm  of  diacasea  ^Hb  which  It  dealt,  Thoti^  facti  jittf 
largely  drawti  from  the  citeasi?e  aud  runed  expenoDot  of  the  nnthorei. 

Han  J  tmportant  branchea  of  genito^urioary  diae&fies^  ofl  tbd  eutaneoui  nui  la- 
dles 0f  the  penis  and  scrotum,  receive  a  thoroagh  and  eibatiBtire  treaimml  ttmt 
Ibe  profeaeional  reader  will  search  for  elee where  in  Tain, 

Botli  to  the  f^pecialiet  and  ibe  genera]  practitioner  tbe  work  eommende  itei^lf 
as  one  of  incatitnahle  ralue. 

The  work  Is  a  marrel  of  oonclseaeaSf  and  terj  rarel;  is  so  miacb  oonderu^ia* 
iiOn  accotn pushed  without  loss  of  anj  Tatuable  pointjj  of  detail.  A  gtanec  at 
ibe  table  of  con  ten  ta  will  gi^e  an  Idea  of  tbe  scope  of  the  vohime,  bat  only  a 
careful  perusal  of  the  work  will  convince  the  reader  that  full  ju.^ttce  has  been 
doiio  to  aJl  thg  taHoui!  branches  of  this  highlj-interesllng  clase  of  dieeaaea. 

The  work  la  elegaotlj  sud  profudely  ilhiatratcd,  and  enriched  bj  fiftj-tive 
original  ca^es^  aettlug  forth  obscure  and  difficult  pokits  in  diugnosii  and  treatment. 

The  first  part  la  devoted  to  the  Surgical  Diseaaes  of  the  Genlto-lTrlDary 
Organs;  and  pari  second  treats  of  Chancroid  and  SyphUis.  The  authors  ^ap- 
pear  to  have  ftuccreded  admirably  in  giTing  to  the  worlil  an  exhsUBti^e  Jind 
reliable  treatise  on  this  Important  class  of  diseateJ.' ''-^-^^or/Aweifmi  Medital  and 

"It  is  a  moBi  complete  digest  of  what  haa  long  been  known,  and  of  what  has 
Nea  more  reeently  dis* covered  in  the  field  of  syphilitic  and  genUo-urinmry  dii- 
orders.  It  is  perhaps  not  ao  esaggeratiou  to  say  that  no  single  work  upoo  the 
Mine  subject  has  vet  appeared ^  tn  this  or  any  foreign  language,  wbioU  is  superior 
to  ii,"— C%ica<?o  M&iical  Mittimintr^ 

"  The  command  lug  roputaiton  of  Dr.  Y&n  Bureiu  in  this  specially  and  of  the 
great  school  and  hospital  from  which  be  haa  drawu  hiecUnica]  materials,  to^e^ier 
with  the  general  interest  which  attaches  to  the  fiubjeet-matter  itselfT  will,  we 
Iruit^  kad  very  many  of  those  for  whom  It  is  our  oHIce  io  cjiter^  to  poaaess  them* 
telvefi  at  once  of  the  Tclume  and  form  their  own  opinions  of  its  merit. — Atlan^ 
Midioid  and  Sur^cai  JonmaL 
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VOGEK 

A  Practical  Treatise  on  the  Diseases 

qf  Childrm.    Second  American  from  iAs  J^t 
German  Edition^   lUuatraUd  by  Bias  Liih^yra  ' ' 
Plaits. 

Bj  ALFBUD  TOGEL,  If.  a, 
H.   RAPHAEL,  D,, 

Lm*  B'lQift  fivi^c^ii  to  8«IIfrfna*  Boiptt*!;  Flijiieliui  to  ikm  Efeitmi  Xmftm^  tor  tte  DIm^b 

I  ToL,  Bto.   611        Clotb,  §4,90. 

Tbe  work  Is  well  up  to  the  preeent  5tftt#  of  pathologic^  kiiowledtg#; 
eomplete  withoal  onneoesaaTj  proUzitj;  Its  Ajmptamatologj  accunt^ 
eTidently  tb«  rtsnlt  of  eareful  obserTfttiOD  of  &  comptteDt  and  eirp«d- 
enc^  cimical  practhioDer.  The  diegsosit  And  dlffereotkl  rektionc  ol 
diseases  to  each  other  art  accurftldf  deieribed^  and  the  ther&petaljea 
judicious  and  dtscrimiiiAting.  Ail  poljphartD^j  is  discarded,  md  oolj 
the  remedied  which  appe&red  nBefQl  %q  the  author  commende^l. 

It  contains  much  that  mast  gain  tot  \%  the  merited  pr&ise  of  all  im- 
partia]  Judges^  and  prove  it  to  be  an  m?a]uabie  text- book  for  the  am* 
dent  and  practitioner,  uid  a  safe  and  useful  guide  in  the  di^enll  btti  aQ* 
iiDportaai  department  of  P^diatrioA. 

RapldlT  pamtDg  to  %.  fourth  edItioD  In  Germany,  and  trmnalated  Inip  dm 
other  lafigiiBjZ^es,  Amenc»  mw  has  th€  credit  of  prefeating  Uie  firai  Eiigjtdi  fir- 
iloD  of  1.  book  vhleb  mmt  Uke  a  prominent,  if  not  the  Leading;,  poaition  amafef 
irorki  demoted  to  thk  class  of  dkeaae." — T,  Mtdicel  Junm^ 

The  profession  of  this  eonntrj  are  mider  manj  obtigmtions  to  Dr.  RapiaH 
Cor  hfi&i^Dgf  as  he  has  dofea^  this  trolj  valuable  work  to  their  noUoa,*^ — MtStid 

"  The  translator  haa  been  more  than  ordinarOj  sncceaal^V  aad  Hi  It  haw 
bare  rcsuUed  in  whit,,  in  everr  seiise,  la  a  Talu^la  contributkm  to  tdka< 

science^'' — JPb^oloffiedl  JovrimL 

^' We  do  not  know  of  a  compact  teit-book  on  the  diseucf  of  ch  ' 
cotnplete.  more  compreben^iTe,  more  replete  with  prsetkal  remarka  m;  : 
facta,  more  in  keeping  w^th  the  deveiopiDeitt  of  modem  medieiaev  ui4  roora 
wertbf  of  the  atieriHou  of  thi?  profession,  than  that  which  baa  been  the  i^^led 
of  oar  remarks^*' — J<mm^  of  OhtUtrim, 


I>,  Appktm  A  Co.^$  Medical  PubHmtimt^. 


WALTON. 

The  Mineral  Springs  of  the  United 

States  and  Canada^  with  Analyses  and  Not^a  on  ths 
Prominent  Spaa  of  Europe^  and  a  List  of  Sea-ei^ 
Mesorts,   An  enlarged  arid  rei^hed  edition* 

By  GEORGE  E.  WALTON,  M.  D., 

Leotarc'r  on  Mat«Hi  ModlcA  Ld  thd  Miual  MeJlcil  ColHeg^  Gtuciamtt 

g«i|yatid  Edition,  reviled  and  enlarged^  ly&LTl^mo*  3&0  pp.,  with  Miipi. 

The  anthorbas  giTea  the  analjses  of  nJl  the  springs  in  this  coantrj  and 
those  of  the  principal  European  epas*  reduced  to  a  nniform  standard  of 
one  wine-pint^  that  they  may  reaidily  be  compared.  IIo  baa  arranged 
the  ipHngs  of  America  and  Europe  in  seTen  diatinet  clfisses,  and  de- 
sort  be<!  the  diseases  to  wbicb  miner al  waters  are  adapted,  with  refer- 
enaes  to  the  class  of  wateri  applicable  to  the  trentmeni,  and  tlie  pecul* 
iar  characteristics  of  each  spring  as  near  as  known  are  given — also,  the 
looationf  inotleof  accesa,  and  post-office  address  of  every  spring  are  men- 
tioned In  addition,  he  has  described  the  various  kinds  of  baths  and 
the  appropriate  use  of  them  in  the  treatment  of  disease, 

EXTEACTS  FEOM  0FIFIQN8  OF  THE  FEEBS. 

**  *  ♦  .  Precise  and  coinprehensivf  ,  prestjntbig  tjot  only  rdiable  im&ljies  of 
the  waters,  but  ihcir  therapeutic  r^liie,  fiO  ibat  phy^iciatiii  eitu  hero  after  advise 
thsfr  ii«e  »a  intelligently  aud  beneSclaUy  as  they  can  other  valuAble  alterative 
kgetito.*^ —  Sanifanan. 

«  ,  ,  Will  tend  to  eclighten  both  the  profession  aiid  the  people  on  this 
^jneation/*— JV»  K  Medical  Jimrmd, 

.  *  .  Contains  in  brief  epaee  ii  vnat  amount  of  important  and  iniereitiBg 
ID  alter,  well  arranged  and  well  presented.  Nearly  every  physician  needs  jusi 
fiuch  a  volume    — tiiehmond  and  Lomja?ilh  Medical  JoumaL 

^*  .  .  *  Fills  this  necessity  in  a  scienttfie  and  pleasing  manner^  and  can  be  read 
with  advantage  by  the  pbyeieiaii  as  ^e\ln»Hfm&JL.^^^Amtriean  Jaut^  0/ Obttwtri^g* 

QiKTi^vifiii:  I  have  receired  by  roail  a  copy  of  Dr.  Walton^a  work  en  the 
Mineral  Springs  of  the  United  States  and  Canwia.  Be  ple»aed  to  accept  my 
tbankd  for  a  work  which  I  have  been  eagerly  looking  for  ever  since  I  had  the 
pleasure  of  meeting  the  author  in  the  summer  of  187  h  He  satiified  me  that 
be  was  well  i|ualified  to  write  a  reliable  work  on  this  subjeott  aad  I  doubt  not 
be  has  met  my  expectations.  Such  a  work  woa  greatly  needed^  and^  if  offered 
for  sale  at  the  principal  mineral  springs  of  the  country,  will,  I  t>elieve,  com- 
mand a  ready  isle.    Very  pespectfully  vours» 

J,  L.  C4BELr,,  H.  D. 


J},  Apidetan  S  CoJ**  Medical  JPMi&iiiOfiM. 


WELLS. 


Diseases  of  the  Ovaries  ;  Tkmr  JHaymmt 

and  Trmimmt 

Bj      SPENCER  WELLS, 

Wm^w  U)d  Mttmber  of  O^iuidl  Of  tli«  Eml  Coilflfft  of imgHoa  of  Bvcted :  HaMt«7  F«l 
ort2k«  RlD^  tsd  Qafl«ii'i  Ootkn  of  T^jsMfeQ*  ta  Irriied;  aujgwM  la  OrdlBifT  1m  i 
Qiii  ea'*  1]  Diueboid ;  Sitt|[««ii  to  Ssnuiitili  Ho«]i^  tat  Woouit]  Mm^m  mthm  I 
perUl  Boci«^  of  Sitrc«rj  of  PsriM.  of  Utn  Medical  oTfMi, JMid  «l  lb*  M«4M 

«tT  orav«d«ii;  Hooofuy  Memb«f  iif  Uw  Boj^  i«d«tT  of  Medial  tad  BTuCwil  f 
BnLAftek,  and  sT  tba  If ^dfcaJ  Sode  tfai  of  Fntk  ud  BflfadBfAin ;  Ummmrf  Fil 

1  ToL,  8to,  47B  pp,  niiutrmtjftd,  CMh,  FriMi  •4,90* 

[a  1865  the  author  indued  &  Tolume  conl&muig  reports  of  cm«  hno^fvd 
fGurt«eii         of  Ovftriototoy,  trtuc^h  was  little  more  than  m  iimpJ«  record 
iHCtA.    Tbe  book  irma  sooo  out  of  print,  md^  though  repeated! j  wMked  fbr 
n^v  edittoit,  the  author  wits  unable  to  do  more  thaii  prepare  pap«ri  for 
Rnjal  Medicai  and  ChirtirgioiLl  Society^  as  series  after  series  of  m  hutitlred 
iccumulated.   On  the  completion  office  bundr^d  cafes  he  embodied  the  i 
ir^  the  present  volume,  an  entirely  ue^  irorfc,  for  ilie  itudeni  aud  pincti 
and  tniets  it  mity  prore  wceptable  to  ihem  and  ueeful  10  iuJfbriog  wtsmem, 

^*  Armi]|r?menta  lum  bM  toiide  for  the  ptthBcation  of  thia  VolmM  fas 
dou  OD  the  dAj  of  lia  pablicfttioii  in  New  Tork.^*  Fre&eb  and  (kmia 
t(on^  are  alreadj  in  preta. 


WAGNER. 
A  Hand-book  of  Chemical  Tech- 

By  BTTBOLPH  WAGJ^ER,  Pb.  D., 

Pt« jli«»or  of  Chernfol  TeehsolegT  al  thm  tJnlTertltj  of  Wnrtibiifr. 

TnaMI&tod  ajid  edited,  from  fbe  ^^lltb  Qemuui  «diti<xa«  wltli  ej^] 

AddlMona, 

By  WILLIAM  CROOKES,  F.  R.  S. 

With  33e  lLliutTStioiit<  1  ToLf  8to.  761  pa^,  Ctetk,  15.410. 


ffifiitioda  af 


ITttdff  th«  h«ad  of  Metalhirtic  Gbrailttrr,  tb*  lalaat  eQ«a 

IfkkaL  Gvpn«r.  Copper  Salta.  Laad  aod  tin,  aad  Uwlr  Satta,  _   ^ 

miivn.  Anttmotir,  &n^K  Mwrcttiv.  Platinaiii,  Sllfw.  Ooid,  MtiganlT^.  ANisiravi,  i 
Murne^faiiL  m  dnerfbed.  Tb«  nricw  appHGBd^*  4f  tba  Ifettalc  mtaal  ta  Wliitiii^ii* 
lunfT  fctUow  under  thSa  d^flikm.  Tb«  nre^iafiititni  of  Pbtwb  aad  Salta  tlM  nw»tiN»f 
alphmie  i^di^L  ajid  Vtm  nto^fwf  of  Saipbur  fhum  Boda  WMt^i  of  ooon*  oentpf^  prvnli 
»  Ld  the  eoDvTderatSoD  of  cb<inka|  Duauftctare^.    It  1i  dHHoilt  i»  f>T«r^#«lkiwte  tW  i 


la  nT  HM* 


eaEitUt  nlw  of  Itofid**  pr««aa,  aa  woD  aa  th*  maiiT  iiftw  ud  Imj 
pbidi'  9f  CkrboQ.   Thm  manit&etfira  of  Soao  wfll  li«  fi^iaiid  to  iDcf 
iwkwT  of  Glaaii  Bloae-wara,  Uinva,  and  M orlv^  wili  priaaat  mnah  of  lantm  i*  Um 
and  Ktminmr.  Tb«  TMlmt^ef;  of  Tacelahla  Ffbna  hia  bMS  dos^ldivvd Uicl*iv  C 
■ntlqe  of  FlaiL,  H«inp.  Oottofi,  u  vaD  ■aFaMr-maUBf ;  vblto  tb*  apfilleBliaM  of  ▼ 
Frodoeti  will  be  Ibnsd  lo  tnckd«  fl^icw-botUiip^  Wis*  nd  Baar  Bmrtac-  ika  tnttOllj 
i^pfilli.  tliv  Baktiif  or  B»a4  tb«  P^vpanlSoD  of  Vtnofap.  Usa  Pnaarration  ^  Wont  aV. 
Dr.  Wimr  f^T»  mwh  tnfbrmaitfaiu  la  rvftnan  to  lha  pnduedoa  «f  Fq«a^  frm  Aaa 
•IdH  Tba  Baa  of  Bama  B^Ilh  it  iLm  mJlj  deaetfbvd.  *•  vaQ  •»  tba  pti^mmiam  «f  i« 


_  .f  Baf^ta  8alu  it  iLio  iWlj  i   _    ,    ,  „   

ftw  BwC-mota.  t^ahif .  Ui«  PrrvemtloD  of  If H&,  Milk*  neu  tta  IPtffiaMQM  i#  t^fla^i 
raa  ud  Afilmal  Charesoal,      Doosldefvd  ma  belanffiv  to  tht  Taetnoliwr  af  Aatraat  Pt«ida  ' 
Tba  naymtM  of  Malcrlali  iir  Djvtnc      woMurllj  n<tatt«d  laadi  ^laee :  arbna  Ik 
 '  -1  of  Oio  book  bara  baea  derotad  to  th«  Tocbnolovr  of  HoadAf  ■ 
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